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PREAMBLE

T h i s  t h e s i s  r e p o r t s  t h e  r e s u l t s  of  a s t u d y  whi ch  was 

o r i g i n a l l y  c o n c e r n e d  w i t h  t h e  t h y m i c  haemol ymph nodes of  

r a t s ;  as t h e  work p r o g r e s s e d  i t  e x t e n d e d  t o  two s o u r c e s  of  

l ymph d r a i n i n g  t o  t h e s e  n o d e s ,  na me l y  t h e  t hymus and t h e  

d i a p h r a g m ,  and t o  t h e  w i d e r  p r o b l e ms  of  t h e  i n t r i n s i c  

l y m p h a t i c s  o f  t h e  t hymus and t h e  u p t a k e  of  p a r t i c u l a t e  

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

I h e  a i ms o f  each p a r t  o f  t h e  p r o j e c t  w i l l  be b r i e f l y  

o u 1 1 i  n e d :

I -  JHE JHYMIC HAEMOLYMPH NODES

I n  t h e  r a t ,  t h e  t h y mi c  l ymph n o d e s ,  a l o n g  w i t h  t h e  

r e n a l  and s p l e n i c  n o d e s ,  a r e  o f  t h e  haemol ymph v a r i e t y  

( Dr ummond,  1 9 0 0 ;  M a c M i l l a n ,  1 9 2 8 ;  T u r n e r ,  1 9 6 9 ) ;  t h e y  

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

l a r g e  numbers of  e r y t h r o c y t e s ,  s u f f i c i e n t  t o  g i v e  them a 

red c o l o u r  when v i e we d  w i t h  t h e  u n a i d e d  e y e .  The n a t u r e  of  

haemol ymph nodes has been much d e b a t e d .  S e v e r a l  p r e v i o u s  

s t u d i e s  f r om t h i s  D e p a r t m e n t  have shown t h a t ,  i n  t h e  case  

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

e x t r i n s i c  o r i g i n ,  and e n t e r  t h e  node v i a  i t s  a f f e r e n t  

l y m p h a t i c s ,  f r om t h e  k i d n e y  and f r om t h e  s p l e e n ,  

r e s p e c t i v e l y  ( Kazeem & S c o t h o r n e ,  1 9 8 2 ;  Hogg,  Re i d  8 

S c o t h o r n e ,  1 9 8 2 ;  Abbas & S c o t h o r n e ,  1 9 8 3 ) .  A n o t h e r  v i e w i s  

t h a t  t h e  i n t r i n s i c  v e n u l e s  of  haemol ymph nodes a l l o w  t h e  

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

( N o p a j a r o o n s r i  e t  a I . ,  1 9 7 4 ) .  I n  an a t t e m p t  t o  r e s o l v e



t h i s  p r o b l e m ,  as i t  a p p l i e s  t o  t h e  t h y mi c  haemol ymph n o d e s ,  

t h e  f i r s t  p a r t  o f  t h e  t h e s i s  e x a mi n e s  t h e i r  s t r u c t u r e ,  

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

i )  t h e i r  t o p o g r a p h y  and h i s t o l o g i c a l  s t r u c t u r e .

i i )  t h e i r  r e g i o n a l  l ymph d r a i n a g e .

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

i v )  t h e  r o u t e  of  e n t r y  of  e r y t h r o c y t e s ,  i n t o  t h e  node s .

v)  a c o mp a r i s o n  of  t h e  s i t e  and r a t e  of  e n t r y  i n t o  t h e  

t h y mi c  haemol ymph n o d e ,  o f  c a r b o n  p a r t i c l e s ,  i n j e c t e d  

e i t h e r  i n t r a v e n o u s l y  CI V)  or  i n t r a p e r i t o n e a  I l y  ( I P ) .

v i )  t h e  age a t  wh i ch  e r y t h r o c y t e s  f i r s t  a p p e a r  i n  t h e i r  

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

I I .  THE LYMPHATICS OF THE JHYMUS

The d i s t r i b u t i o n  and e x t e n t  of  i n t r i n s i c  l y m p h a t i c s  

o f  t h e  t hymus a r e  s t i l l  c o n t r o v e r s i a l .  E a r l y  w o r k e r s

c l a i m e d  t h a t  t h e  t hymus g l a n d  c o n t a i n s  o n l y  a few or  no 

l ymph v e s s e l s  ( J o l l y ,  1 9 2 3 ;  P o l i c a r d ,  1 9 5 0 ) ;  w h i l e  o t h e r s  

d e n i e d  t h e  p r e s e n c e  of  t y p i c a l  ( t r u e )  l y m p h a t i c s  and 

r e p o r t e d ,  i n s t e a d ,  t h e  p r e s e n c e  of  t i s s u e  spaces

( B l o o d w o r t h  e t  a l .  1 9 7 5 ;  S e i g l e r ,  1 9 6 4 ) ,  or  of  p e r i v a s c u l a r  

l y m p h a t i c  spaces  ( B l a n c  e t  a l .  1 9 7 3 ;  H a r r i s  & T e m p l e t o n ,  

1 9 6 8 ;  L e b l o n d  & S a i n t e - M a r i e ,  1 9 6 0 ) .  C l a r k  ( 1 9 6 3 )  f a i l e d  t o  

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

and s u g g e s t e d  t h a t  t h e y  s h o u l d ,  t h e r e f o r e ,  not  be r e g a r d e d  

as l y m p h a t i c s .  O t h e r  i n v e s t i g a t o r s  have d e m o n s t r a t e d  t h e  

p r e s e n c e  of  a " f e w "  t r u e  l y m p h a t i c s  i n  t h e  t h y mu s ,  but  o n l y  

l o c a t e d  i n  t h e  i n t e r l o b u l a r  s e p t a  and t h e  c a p s u l e
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( G o l d s t e i n  & Ma c ka y ,  1 9 6 9 ;  K o t a n i  e t  a l - ,  1 9 6 7 ;  O mo r i ,

1 9 7 3 ;  S m i t h ,  1 9 5 5 ) .  R e c e n t l y ,  some w o r k e r s  went  a s t e p

f u r t h e r  and r e p o r t e d ,  i n  a d d i t i o n ,  t h e  e x i s t e n c e  of  

l y m p h a t i c s  i n  t h e  m e d u l l a  of  t h e  thymus o f  man ( S i n g h ,

1 9 8 0 )  and o f  r a t  (Hwang e t  a l . ,  1 9 7 4 ) .  No one has

d e m o n s t r a t e d  l y m p h a t i c s  i n  t h e  c o r t e x  of  t h e  thymus ( W e i s s ,  

1 9 8 3 ) .  I n  t h e  p r e s e n t  s t u d y ,  t h e  i n t r i n s i c  l y m p h a t i c  

v e s s e l s  of  t h e  r a t  thymus g l a n d  have been r e i n v e s t i g a t e d  by 

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

t h e  f o l l o w i n g  f e a t u r e s : -

i )  t h e i r  o r i g i n ,  d i s t r i b u t i o n  and c o n t e n t s .

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

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

i i i )  t h e  r o l e ,  i f  a n y ,  of  t h e  p e r i v a s c u l a r  spaces  i n  lymph  

d r a i n a g e  f r om t h e  t hy mus .

i v )  t h e  l ymph nodes wh i ch  r e c e i v e  l ymph f r om t h e  t h y mu s .

I I I .  THE LYMPHATICS OF THE DIAPHRAGM AND THE UPTAKE OF 

PARTICULATE MATERIAL FROM THE PERITONEAL CAVI TY.

The t h i r d  p a r t  of  t h e  t h e s i s  d e a l s  w i t h  t h e

l y m p h a t i c s  of  t h e  d i a p h r a g m .

I t  i s  w e l l  known t h a t  f l u i d ,  p a r t i c u l a t e  m a t e r i a l  

and v a r i o u s  c e l l s  ( i n c l u d i n g  e r y t h r o c y t e s )  i n t r o d u c e d  i n t o  

t h e  p e r i t o n e a l  c a v i t y  a r e  r a p i d l y  a b s o r b e d  ( A l l e n ,  1 9 3 6 ;  

Cunn i ngham,  1 9 2 2 ;  1 9 2 6 ;  C o u r t i c e  & S t e i n b e c k ,  1 9 5 0 ;

C o u r t i c e  & Si mmonds,  1 9 5 4 ;  Leak & R a h i l ,  1 9 7 8 ;  Ma c C a l l u m,

1 9 0 3 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  I t  i s  a l s o  w e l l  known t h a t  

t h i s  r a p i d  a b s o r p t i o n  o c c u r s  p r i n c i p a l l y ,  i f  not
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e x c l u s i v e l y ,  by t h e  s u b p e r i t o n e a I  l y m p h a t i c s  of  t he

d i a p h r a g m ( A l l e n ,  1 9 5 6 ;  C a s I e y - S m i t h ,  1 9 6 4 ,  F r e n c h  e t  a l . ,

1 9 6 0 ;  MacCa 11 um, 1 9 0 3 ,  Od o r ,  1 9 5 6 ) .  F u r t h e r m o r e ,  i t  i s

known t h a t  most  of  t h e  l ymph d r a i n i n g  f r om t h e  d i a p h r a g m

r e a c h e s  t h e  m e d i a s t i n a l  l ymph n o d e s ,  a gr oup  wh i c h  i n c l u d e s  

t h e  t h y mi c  haemol ymph nodes ( Cunn i ngha m,  1 9 2 2 ;  H i g g i n s  & 

Gr aham,  1 9 2 9 ;  O l i n  & S a l d e e n ,  1 9 6 4 ;  S i m e r ,  1 9 4 8 ;  T i l n e y ,  

1 9 7 1 ) .  The p r e s e n t  s t u d y  has e x a m i n e d : -

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

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

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

r e g i o n a l  l ymph nodes o f  t h e  d i a p h r a g m and t h e i r  

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

i i i )  t h e  r a t e  of  u p t a k e  of  p a r t i c u l a t e  m a t e r i a l  f r om t h e  

p e r i t o n e a  I cav i t y  .

i v )  t h e  r o u t e  o f  u p t a k e  of  p a r t i c u l a t e  m a t e r i a l  

( i n c l u d i n g  e r y t h r o c y t e s )  f r om t h e  p e r i t o n e a l  c a v i t y ,  

w i t h  r e f e r e n c e  t o  t h e  c o n c e p t  of  p e r i t o n e a l  

" s t o m a t a " ,  e s t a b l i s h e d  by s c a n n i n g  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 .

v)  a c o mp a r i s o n  o f  t h e  s u r f a c e  a p p e a r a n c e  be t ween  

p e r i t o n e a l  and p l e u r a l  m e s o t h e l i u m ,  s c r e e n e d  by 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 .
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A- HI STORI CAL r e v i e w

L y m p h a t i c  v e s s e L s ,  u n l i k e  b l o o d  v e s s e l s ,  e s c aped  

a t t e n t i o n  f o r  many c e n t u r i e s ,  due t o  t h e i r  t h i n  w a l l ,  t h e i r  

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

A l t h o u g h  E r a s i t r a t u s  ( 2 5 0  B . C . )  a l o n g  w i t h  H e r o p h i l u s  ( 3 0 0

B . C . )  a r e  s a i d  t o  have o b s e r v e d  l y m p h a t i c  v e s s e l s  i n  a 

mammal ' s  i n t e s t i n e  ( c i t e d  by Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) ,  i t  

seems t h a t  Gas pa r o  A s e l l i  ( 1 6 2 2 )  has t h e  c r e d i t  f o r  t h e  

d i s c o v e r y  of  t h e  l y m p h a t i c  syst em ( c i t e d  by D r i n k e r ,  1 9 4 2 ) .  

A s e l l i  d e s c r i b e d  t h e  " l a c t e a l s "  i n  t h e  m e s e n t e r y  of  a 

r e c e n t l y  f e d  d og ,  wh i ch  c o n t a i n e d  not  b l o o d  but  a m i l k y  

f l u i d  wh i ch  oozed out  f r om t h e s e  v e s s e l s  when t h e y  were  

p r i c k e d .  Ho we v e r ,  he b e l i e v e d  t h a t  l a c t e a l s  d r a i n e d  

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

t h e r e  t o  t h e  f o r m a t i o n  of  b l o o d .  T h i s  t h e o r y  was l a t e r  

d i s p r o v e d  by Ra c que t  ( 1 6 5 1 )  who f i r s t  d e s c r i b e d  t he  

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

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

t o  m a j o r  v e i n s  a t  t h e  r o o t  of  t h e  n e c k ,  and t h e n c e  t o  t h e  

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

l i t e r a t u r e  by B a r t h o l i n  i n  1 6 5 3 ,  and by t h e  end of  t h e  

1 7 t h  c e n t u r y ,  i t  was w e l l  e s t a b l i s h e d  t h a t  i n  man and many 

of  t h e  l a r g e r  mammals t h e r e  was t h i s  syst em of  v e s s e l s ,  

s e p a r a t e  f r om t h e  a r t e r i e s ,  wh i ch  a r o s e  f r om many d i f f e r e n t  

p a r t s  of  t h e  b o d y ,  and t h a t  e v e n t u a l l y  t h e  f l u i d  whi ch  

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

t h o r a c i c  a n d / o r  t h e  r i g h t  l y m p h a t i c  d u c t s .  R e g a r d i n g  t h e
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s t r u c t u r e  o f  L y m p h a t i c s ,  Von R e c k l i n g h a u s e n ,  i n  1 8 6 2 ,  

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

d i s p l a y e d  d i s t i n c t  o u t l i n e s  o f  p l a t e - l i k e  p o l y g o n a l  

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

d e s c r i b e d  l a t e r  by Hoyer  ( 1 8 6 5 ) .  Von R e c k l i n g h a u s e n  

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

t h e  t i s s u e  spac es  by means of  c a n a l i c u l i .  Ho we v e r ,  Hi s  

( 1 8 6 3 )  was a p p a r e n t l y  t h e  f i r s t  t o  c l a i m  t h a t  t h e  l y mph -  

v a s c u l a r  a p p a r a t u s  f or ms  a c l o s e d  syst em of  t u b e s .  L a t e r ,  

by u s i n g  i n j e c t i o n  t e c h n i q u e s ,  R a n v i e r  ( 1 8 9 7 ) ,  MacCal l um  

( 1 9 0 3 )  and much l a t e r  C l a r k  and C l a r k  ( 1 9 3 7 )  and P f u h l  

( 1 9 3 9 - 1 9 4 0 )  c o n c l u d e d  t h a t  t h e  l y m p h a t i c  c a p i l l a r i e s  f or med  

a c l o s e d  syst em and wer e  not  i n  d i r e c t  c o mmu n i c a t i o n  w i t h  

t h e  i n t e r s t i t i a l  s p a c e s .  R e c e n t l y ,  t h i s  h y p o t h e s i s  has 

been c h a l l e n g e d  by s e v e r a l  w o r k e r s ,  and Von 

R e c k l i n g h a u s e n ' s  o r i g i n a l  d e s c r i p t i o n  of  d i r e c t  

c o m m u n i c a t i o n s  b e t we e n  t i s s u e  spaces  and l y m p h a t i c  

c a p i l l a r i e s ,  seems t o  have an i n c r e a s i n g  s u p p o r t  ( C a s l e y -

S m i t h ,  1 9 7 7 ;  1 9 8 0 ;  Ha u c k ,  1 9 7 3 ;  Hauck e t  a l . ,  1 9 7 8 ) .

U n d e r s t a n d i n g  of  t h e  f u n c t i o n  of  t h e  l y m p h a t i c  syst em 

s t a r t e d  w i t h  t h e  work o f  W i l l i a m  H u n t e r  ( 1 7 8 4 )  and h i s  

c o l l a b o r a t o r s ,  C r u i c k s h a n k  & Hewson,  who p o s t u l a t e d  t h a t  

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

t h e  body .  Ludwi g ( 1 8 5 8 )  r e g a r d e d  lymph as a f i l t r a t e

d e r i v e d  f r om b l o o d ,  w h i l e  H e i d e n h a i n  ( 1 8 8 8 ;  1 8 9 1 ;  1 89 6 )

c o n c l u d e d  t h a t  l ymph was p r o d u c e d  by a p r o c e s s  of  

s e c r e t i o n .  Ho we v e r ,  d u r i n g  t h e  l a s t  q u a r t e r  of  t h e  1 9 t h  

c e n t u r y ,  L u d w i g ' s  t h e o r y  ( 1 8 5 8 )  of  f i l t r a t i o n  was r e g a r d e d
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as o b s o l e t e ,  and S t a r l i n g  ( 1 8 9 3 ;  1 8 9 6 ;  1 9 0 9 )  was t h e  f i r s t  

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

h y d r o s t a t i c  p r e s s u r e  of  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 e  c o l l o i d  o s m o t i c  p r e s s u r e  of  t h e  p l asma  p r o t e i n s .  He 

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

e x t e n t ,  and showed t h a t ,  as c a p i l l a r y  f i l t r a t i o n  i n c r e a s e d ,  

more i n t e r s t i t i a l  f l u i d  e n t e r 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 ,  

t h e r e b y  i n c r e a s i n g  lymph f l o w .  L a t e r ,  D r i n k e r  and Y o f f e y  

( 1 9 4 1 )  e l a b o r a t e d  t h i s  c o n c e p t :  "The  l y m p h a t i c  syst em has

e v o l v e d  i n  t h e  a n i m a l  k i ngdom by p h y s i o l o g i c a l  n e c e s s i t y ,  

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

n e c e s s i t y  has been t h e  need f o r  a s p e c i a l i s e d  mechani sm t o  

r e t u r n  t o  t h e  b l o o d  s t r e a m b l o o d  p r o t e i n s  wh i ch  have l e a k e d  

f r om t h e  b l o o d  c a p i l l a r i e s " .
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B- I N J E R S I I I I A L  FLUID AND LYMPH FORMATION

I n  t h e  1 9 t h  c e n t u r y ,  when i t  was t h o u g h t  t h a t  t h e  

l y m p h a t i c  v e s s e l s  communi ca t e d  d i r e c t l y  w i t h  t h e  t i s s u e  

s p a c e s ,  t h e  t e r ms  " t i s s u e  f l u i d "  and " l y mp h "  wer e  used  

s y n o n y m o u s l y .  Nowadays ,  h o w e v e r ,  t h e  t e r m " l y mp h "  i s  

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

v e s s e l s .  From most  r e g i o n s  o f  t h e  body t h e  lymph so

c o l l e c t e d  i s  c l e a r ;  bu t  t h a t  f r om t h e  w a l l s  of  t h e  s ma l l  

i n t e s t i n e  i s  m i l k y  b e ca us e  of  t h e  c h y l o m i c r o n s  wh i ch  i t  

c o n t a i n s ,  and i n  t h i s  s i t u a t i o n  i t  i s  r e f e r r e d  t o  as 

" c h y l e "  ( Y o f f e y  & C o u r t i c e ,  1 9 7 0 ;  W e i s s ,  1 9 8 3 ) .  Lymph 

c o a g u l a t e s ,  bu t  t h e  p r o c e s s  o c c u r s  much more s l o w l y  t h a n  i n  

b l o o d  and t h e  c l o t  i s  s o f t .  Lymph n o r m a l l y  c o n t a i n s  a few 

r ed b l o o d  c e l l s  and a v a r y i n g  number  o f  w h i t e  b l o o d  c e l l s  

d e p e n d i n g  on t h e  r e g i o n  f r om wh i ch  t h e  lymph i s  o b t a i n e d .  

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

These  a r e  c o n t i n u a l l y  r e c i r c u l a t i n g  i n  t h e  l ymph o i d  

t i s s u e ,  many of  them e n t e r i n g  t h e  lymph s t r e a m and p a s s i n g  

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

r e a c h  t h e  b l o o d  c i r c u l a t i o n .  T h e r e f o r e ,  t h e i r  number  i n

l ymph v a r i e s  d e p e n d i n g  on t h e  k i n d  of  l ymph i n  whi ch  t h e y

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

( Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  P e r i p h e r a l  l ymph i s  t h a t  whi ch  

has not  y e t  passed t h r o u g h  a node or  come i n t o  c o n t a c t  w i t h  

o t h e r  l y mp h o i d  t i s s u e ;  i n t e r m e d i a t e  lymph i s  t h a t  wh i ch  has 

a l r e a d y  passed t h r o u g h  one or  more l ymph nodes but  has y e t  

t o  pass t h r o u g h  mor e;  and c e n t r a l  l ymph i s  t h a t  whi ch  i s  on



i t s  way t o  t h e  b l o o d  w i t h o u t  f u r t h e r  i n t e r r u p t i o n .

I t  woul d a p p e a r  a l m o s t  c e r t a i n  t h a t  most  ( b u t  not  

a l l )  o f  t h e  s e l e c t i v i t y  t h a t  causes  t h e  d i f f e r e n c e s  i n  

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

t h e  l ymph o c c u r s  a t  t h e  e n d o t h e l i a l  l i n i n g  of  b l o o d

c a p i l l a r i e s  and v e n u l e s  ( Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  F u r t h e r  

s e l e c t i o n  may w e l l  o c c u r  a t  t h e  b l o o d  v e s s e l  basement  

membr ane ,  and i n  t h e  pa ss a ge  t h r o u g h  t h e  t i s s u e s .  T h e r e  

i s ,  h o w e v e r ,  t h e  s t r o n g  p o s s i b i l i t y  t h a t  t h e  lymph i s

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

a n o t h e r  p l a c e  wher e  t h e s e  a l t e r a t i o n s  may o c c u r  ( C a s l e y -  

S m i t h ,  1 9 7 7 ) .

T h e r e  has been c o n s i d e r a b l e  d e b a t e  ab o u t  w h e t h e r

l ymph i s  i d e n t i c a l  t o ,  or  more c o n c e n t r a t e d  t h a n  t i s s u e  

f l u i d .  One of  t h e  r e a s o n s  f o r  t h i s  l ong s t a n d i n g  

c o n t r o v e r s y  i s  t h e  d i f f i c u l t y  o f  o b t a i n i n g  a sampl e  f r om  

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

l y m p h a t i c  c a p i l l a r i e s ,  unde r  nor mal  c o n d i t i o n s .  The 

a r g u me n t s  and c o u n t e r - a r g u m e n t s  a r e  t oo  l e n g t h y  t o  d i s c u s s  

i n  d e t a i l  ( r e v i e w e d  by Cas I e y - S m i t h ,  1 9 7 7 ;  1 9 8 2 ) .  B r i e f l y ,  

i t  has been shown e x p e r i m e n t a l l y  t h a t :  1)  l ymph can a l t e r

g r e a t l y  as i t  t r a v e r s e s  t h e  c o l l e c t i n g  l y m p h a t i c s .  Wh i l e  

Ha r g e n s  and Z w e i f a c h  ( 1 9 7 6 )  showed t h a t  t h e  c o n c e n t r a t i o n  

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

( due  t o  u l t r a f i l t r a t i o n ) ,  N i c o l a y s e n  e t  a l  ( 1 9 7 5 )  and 

Re n k i n  ( 1 9 7 9 )  f ound  t h a t  i t  was c o n s t a n t  f r om t h e  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  a d j a c e n t  c o l l e c t i n g  l y m p h a t i c s  i n  t h e  

same t i s s u e .  O t h e r  w o r k e r s  ( r e v i e w e d  by C a s l e y - S m i t h ,
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1 9 8 2 )  showed t h a t  t h e  c o l l e c t i n g  l y m p h a t i c  w a l l s  a r e  v e r y

p e r m e a b l e  t o  s m a l l  m o l e c u l e s ,  a l t h o u g h  not  t o  t h o s e  l a r g e r  

t h a n  a few t h o u s a n d  D a l t o n s .  T h e r e f o r e ,  one woul d e x p e c t

t h a t ,  w h a t e v e r  t h e  c o n c e n t r a t i o n  o f  t h e  l ymph t h a t  e n t e r e d  

t h e s e  v e s s e l s ,  i t  woul d  r a p i d l y  come t o  e q u i l i b r i u m  w i t h  

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

c o n c e n t r a t e d  lymph of  t h e  l y m p h a t i c  c a p i l l a r i e s  m a i n t a i n s  

i t s  mean c o n c e n t r a t i o n  i n  t h e  a d j a c e n t  c o l l e c t o r s  but  i s  

r e d i l u t e d  i n  t h e  r e mot e  c o l l e c t o r s .  T h u s ,  t o  some e x t e n t ,  

t h e  l ymph comes t o  r e s e mb l e  t i s s u e  f l u i d ,  bu t  not  

n e c e s s a r i l y  t h e  f l u i d  where  i t  o r i g i n a t e d  but  r a t h e r  t h e  

f l u i d  a d j a c e n t  t o  t h e  r e mot e  c o l l e c t o r s .  2)  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 ,  t h e  m a c r o m o l e c u l e s  a r e  c o n s i d e r a b l y  

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

t h a t  t h e  mean c o n c e n t r a t i o n  o f  p r o t e i n  i n  t h e  lymph i n

t h e s e  c a p i l l a r i e s  i s  some t h r e e  t i m e s  more c o n c e n t r a t e d  

t h a n  f l u i d  i n  t h e  a d j a c e n t  i n t e r s t i t i a l  t i s s u e  ( C a s l e y -

S m i t h ,  1 9 7 7 ) .  3)  I t  was a l s o  f ound t h a t  t h i s  l ymph

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

c y c l e " ,  i . e .  b e i n g  d i l u t e d  d u r i n g  t h e  r e l a x a t i o n  or  

f i 1 1 i n g - p h a s e  and c o n c e n t r a t e d  d u r i n g  t h e  c o mp r e s s i o n  or  

e m p t y i n g - p h a s e .  T h i s  means t h e  i n f l o w i n g  f l u i d  w i l l  d i l u t e  

t h e  lymph i n s i d e  t h e  c a p i l l a r i e s ,  wh i ch  i s  t h e n

r e c o n c e n t r a t e d  d u r i n g  t h e  n e x t  e m p t y i n g - p h a s e  by

u l t r a f i l t r a t i o n  o f  f l u i d  v i a  t h e  " c l o s e d "  j u n c t i o n s  ( b o t h

t h o s e  n o r m a l l y  c l o s e d  and t h e  o p e n a b l e  o n e s ) .
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c -  I HE ANATOMY OF LYMPHATIC VESSELS

C. i G e n e r a l

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

l i n e d  c h a n n e l s  wh i ch  c o l l e c t  t i s s u e  f l u i d  and r e t u r n  i t  by 

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

v e s s e l s ,  wh i ch  i s  c a l l e d  l ymph ,  c i r c u l a t e s ,  u n l i k e  t h e  

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

t o w a r d s  t h e  h e a r t .  The most  p e r i p h e r a l  e l e m e n t s  of  t h e  

l y m p h a t i c  syst em a r e  i n n u m e r a b l e ,  s ma l l  t h i n - w a l l e d  

v e s s e l s ,  wh i ch  a r e  t e r me d  p e r i p h e r a l  or  i n i t i a l  l y m p h a t i c s ,  

or  more o f t e n  " l y m p h a t i c  c a p i l l a r i e s " .  These l y m p h a t i c  

c a p i l l a r i e s  b e g i n  b l i n d l y  i n  t h e  t i s s u e s  f r om whi ch  

t h e  l ymph i s  c o l l e c t e d ,  and t h e r e f o r e  p e r f o r m  t h e  s y s t e m ' s  

p r i m a r y  f u n c t i o n  of  r e mov i ng  f l u i d  and m a t e r i a l  f r om t h e  

t i s s u e .  They a nas t omose  f r e e l y  a l o n g  t h e i r  c o u r s e  and 

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

" c o l l e c t i n g  l y m p h a t i c s " ,  wh i ch  p e r f o r m  t h e  s y s t e m ' s  

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

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

mai n t r u n k s ,  t h e  l a r g e  t h o r a c i c  d u c t  and t h e  s m a l l e r  r i g h t  

l y m p h a t i c  d u c t  wh i ch  empty i n t o  t h e  l e f t  and r i g h t  

s u b c l a v i a n  v e i n s  r e s p e c t i v e l y .  I n  t h e  p a t h wa y s  of  t h e  

l ymph v e s s e l s  t h e r e  a r e  g r oups  of  l ymph nodes t h r o u g h  whi ch  

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

t h o r a c i c  and r i g h t  l y m p h a t i c  d u c t s  ( K e l l y ,  Wood & E n d e r s ,  

1 9 8 4 ;  W e i s s ,  1 9 8 3 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  L y mp h a t i c  

c a p i l l a r i e s  and v e s s e l s  o c c u r  i n  most  t i s s u e s  and o r g a n s .
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They a r e  most  numerous b e n e a t h  body s u r f a c e s  such as t h e  

s k i n ;  t h e  mucous membranes of  t h e  ga s t  r o - i  nt  e st  i na I ,  

r e s p i r a t o r y ,  and g e n i t o - u r i n a r y  t r a c t s ;  and i n  s u b s e r o u s  

t i s s u e s .  They have not  been d e m o n s t r a t e d  i n  t h e  c e n t r a l  

n e r v o u s  s y s t e m ,  t h e  c o a t s  of  t h e  eye b a l l  ( g l o b u s  o c u l i ) ,  

t h e  i n t e r n a l  e a r ,  t h e  bone ma r r o w,  t h e  i n t r a l o b u l a r  p o r t i o n  

o f  t h e  l i v e r ,  and t h e  f e t a l  p l a c e n t a  ( W e i s s ,  1 9 8 3 ;  Y o f f e y  & 

C o u r t i  c e ,  1 9 7 0 )  .

C . i i  H i s t o l o g y  and u I 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  

Lymph c a p i l l a r i e s ,  l i k e  t h o s e  of  t h e  b l o o d ,  a r e  

d e l i c a t e  t u b e s  w i t h  w a l l s  wh i ch  c o n s i s t  of  a s i n g l e  l a y e r  

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

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

w i t h  some i m p o r t a n t  d i f f e r e n c e s  ( L e a k  & B u r k e ,  1 9 6 6 ;  1 9 6 8 a ;  

L e a k ,  1 9 7 0 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  These d i f f e r e n c e s  

a r e : -

a)  L y m p h a t i c  c a p i l l a r i e s  have a w i d e r  l umen and more 

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

t h e y  may be c o m p l e t e l y  c o l l a p s e d  or  n a r r o w ,  or  much 

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

15 -  75 urn. I n  s e c t i o n a l  p r o f i l e ,  t h e  l y m p h a t i c  w a l l  

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

( F r a l e y  & W e i s s ,  1 9 6 1 ) .

b)  The l y m p h a t i c  e n d o t h e l i u m  i s  v e r y  v a r i a b l e  i n  t h i c k n e s s  

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

l i t t l e  as 0 . 1  urn i n  t h e  a t t e n u a t e d  c y t o p l a s m i c  r i m s ) .  

The shape o f  t h e  e n d o t h e l i a l  c e l l s  d i f f e r s  f r om t h a t  of  

b l o o d  c a p i l l a r i e s .  Those of  l y m p h a t i c s  a r e  u s u a l l y
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L a r g e r  w i t h  i r r e g u l a r  d e n t a t e  edges and an o v a l

n u c l e u s ,  wh i ch  o f t e n  p r o t r u d e s  i n t o  t h e  v e s s e l  l umen.  

I n  a d d i t i o n  t o  p o s s e s s i n g  t h e  u s u a l  compl ement  of

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

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

f r e e  r i b o s o m e s ,  Leak and Bur ke  ( 1 9 6 8 )  d e s c r i b e d  t h e  

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

c y t o p l a s m  of  e n d o t h e l i a l  c e l l s  of  d e r ma l  l y m p h a t i c
o

c a p i l l a r i e s .  These f i l a m e n t s  ( 4 0 - 6  0 A i n  d i a m e t e r )  

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

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

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

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

c e l l s  o f  b l o o d  c a p i l l a r i e s  ( M a j n o ,  1 9 6 5 ;  Maj no e t  a l . ,  

1 9 6 9 ;  McCuskey ,  1 9 7 1 ) .  These f i l a m e n t s  i n  e n d o t h e l i a l  

c e l l s  of  b l o o d  v e s s e l s  a r e  t h o u g h t  t o  pos se s s

c o n t r a c t i l e  p r o p e r t i e s  ( M a j n o  e t  a l . ,  1 9 6 9 ) .  

S i m i l a r l y ,  Leak ( 1 9 7 0 )  s u g g e s t e d  t h a t  t h e s e  c y t o p l a s m i c  

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

l y m p h a t i c  c a p i l l a r i e s ,

c)  I n  t h e  l y m p h a t i c  c a p i l l a r y ,  a basement  membrane i s  

u s u a l l y  a b s e n t  or  i s ,  a t  mo s t ,  d i s c o n t i n u o u s  and p o o r l y  

d e v e l o p e d .  From t h e  e a r l i e r  o b s e r v a t i o n s  on t h e

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

membr ane ,  i t  was s u g g e s t e d  t h a t  t h e  basement  membrane  

of  b l o o d  v e s s e l s  behav ed  l i k e  a f i l t e r  s i n c e  t he

pa s sage  of  f e r r i t i n  m o l e c u l e s  ( F a r q u h a r  e t  a l . ,  1 9 6 1 ) ,
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c o l l o i d a l  p a r t i c l e s  ( M a j n o  & P a l a d e ,  1 9 6 1 )  and a l s o  

c e l l s  ( M a r c h e s i  S F l o r e y ,  1 9 6 0 )  was i mpeded by t h i s  

dense  l a y e r  t h a t  s u r r o u n d e d  t h e  b l o o d  v e s s e l s .

T h e r e f o r e ,  t h e  a b s e n c e  of  a d e f i n i t i v e  basement

membrane woul d e l i m i n a t e  a s e l e c t i v e  f i l t e r  b e t we e n  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  and 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  ( L e a k  & B u r k e ,  1 9 6 6 ) .

d)  The e n d o t h e l i a l  w a l l  of  t h e  l y m p h a t i c  c a p i l l a r y

d i s p l a y s  numerous c y t o p l a s m i c  p r o j e c t i o n s ,  bo t h  on 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 ;  t h e  l a t t e r  e x t e n d i n g

i n t o  t h e  s u r r o u n d i n g  c o n n e c t i v e  t i s s u e  and s e r v i n g  t o  

a n c h o r  t h e  l y m p h a t i c  w a l l  t o  i t  ( F r a l e y  & W e i s s ,  1 9 6 1 ;  

Leak & B u r k e ,  1 9 6 6 ) .  L y m p h a t i c  c a p i l l a r y  w a l l s  have no 

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

c o n n e c t i v e  t i s s u e  a r ound  t h e i r  w a l l s ,  u n l i k e  t h e  

s i t u a t i o n  a r ound  b l o o d  c a p i l l a r i e s .

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

e n d o t h e l i u m  i s  t h e  p r e s e n c e  of  numerous p i n o c y t i c  

v e s i c l e s ,  s c a t t e r e d  a l l  o v e r  t h e  c y t o p l a s m  ( C a s l e y -  

S m i t h ,  1 9 6 4 ;  Leak & B u r k e ,  1 9 6 6 ;  1 9 6 8 a ;  L e a k ,  1 9 7 0 ) .  

Leak and Bur ke  ( 1 9 6 6 )  d e s c r i b e d  two d i s t i n c t  t y p e s  of  

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

o f  t h e  g u i n e a - p i g ' s  e a r :  a)  s ma l l  s m o o t h - s u r f a c e d  

v e s i c l e s  ( a r o u n d  70nm i n  d i a m e t e r )  and b)  l a r g e r  c o a t e d  

v e s i c l e s  ( a r o u n d  2 0 0 n m i n  d i a m e t e r ) .  The s ma l l  s moot h-  

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

b l o o d  c a p i l l a r i e s  ( P a l a d e ,  1 9 5 3 ;  W i s s i g ,  1 9 5 8 ) ;  and t o  

t h o s e  o b s e r v e d  i n  t h e  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  of
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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 ) .  The passage  of  

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

s u g g e s t e d  by P a l a d e  ( 1 9 5 3 ) ;  and l a t e r  B e n n e t t  ( 1 9 5 6 )  

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

v e s i c u l a t i o n  may be i m p o r t a n t  t r a n s p o r t  mechani sms i n  

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

o f  t h e  c e l l s  by way of  v e s i c l e s .  E x p e r i m e n t a l  e v i d e n c e  

i n  s u p p o r t  of  B e n n e t t ' s  h y p o t h e s i s  has s i n c e  been

d e m o n s t r a t e d  by a number  of  i n v e s t i g a t o r s  ( J e n n i n g s  e t  

a l . ,  1 9 6 2 ;  P a l a d e ,  1 9 6 0 ;  1 9 6 1 ;  S i m i o n e s c u ,  1 9 7 9 ;

W i s s i g ,  1 9 6 2 ) .  S i m i l a r  o b s e r v a t i o n s  wer e  r e p o r t e d  by 

Do b b i n s  and R o l l i n s  ( 1 9 7 0 )  and C a s l e y - S m i t h  ( 1 9 6 4 )  f o r  

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

e s t i m a t e d  t h a t  a p p r o x i m a t e l y  35% of  t h e  n o n - n u c l e a r

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

v e s i  c l e s .

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

" c o a t e d "  or  " h a i r y "  v e s i c l e s  o c c u r  a l o n g  t h e  i n s i d e  of  

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 a l s o  deep i n  

t h e  l y m p h a t i c  e n d o t h e l i a l  c y t o p l a s m  ( C a s l e y - S m i t h ,

1 9 6 4 ;  Dob b i n s  & R o l l i n s ,  1 9 7 0 ;  Leak & B u r k e ,  1 9 6 6 ;

1 9 6 8 ) .  Leak and Bur k e  ( 1 9 6 6 )  s u g g e s t e d  t h a t  c o a t e d  

v e s i c l e s  may r e p r e s e n t  a s p e c i f i c  t r a n s p o r t  mechani sm 

f o r  t r a n s m i s s i o n  of  p r o t e i n s  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  of  l y m p h a t i c  c a p i l l a r i e s .  O t h e r  w o r k e r s  r e g a r d e d

t h e s e  l a r g e  v e s i c l e s  as t h e  mai n passageway  f o r  t he  

u p t a k e  o f  f l u i d  by l y m p h a t i c  c a p i l l a r i e s  ( D o b b i n s  &
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R o l l i n s ,  1 9 7 0 ;  M a y e r s o n ,  1 9 6 3 ) .

The 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  s i n g l e  

most  i m p o r t a n t  f e a 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 ,  f o r  

upon them depends  t h e  u p t a k e  of  m a t e r i a l  and i t s  

r e t e n t i o n  ( C a s l e y - S m i t h ,  1 9 7 2 ) .  These e n d o t h e l i a l

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

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

o f  a d j a c e n t  e n d o t h e l i a l  c e l l s  may o v e r l a p  each o t h e r ,  

i n t e r d i g i t a t e ,  or  s i m p l y  end e d g e - t o - e d g e  ( Le a k  & 

B u r k e ,  1 9 6 6 ;  L e a k ,  1 9 7 0 ) .  Leak and Bur ke  ( 1 9 6 6 )

o b s e r v e d ,  i n  some l ymph c a p i l l a r i e s ,  t h a t  t h e  apposed  

s u r f a c e  membr anes ,  a t  v a r i o u s  p o i n t s  a l o n g  t he

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

a d h e s i o n  d e v i c e s :  a)  Z o n u l a  o c c l u d e n s  ( t i g h t  j u n t i o n s ) ,

b)  Z o n u l a  a d h a e r e n s ,  and c)  Ma c u l a  a d h a e r e n s

( desmosome)  whi ch  i s  t h e  commonest  t y p e .  W h i l e ,  j u s t

as i n  t h e  b l o o d  c a p i l l a r i e s ,  t h e r e  a r e  many t i g h t  and 

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

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

a l s o  h a v i n g  open j u n c t i o n s ,  i . e .  t h e  e n d o t h e l i a l  c e l l s  

may be s e p a r a t e d  f r om one a n o t h e r  t o  f or m i n t e r c e l l u l a r  

gaps of  0 . 1  t o  s e v e r a l  urn a c r o s s  ( C a s l e y - S m i t h  & 

F l o r e y ,  1 9 6 1 ;  Leak & B u r k e ,  1 9 6 6 ;  1 9 6 8 ) .  I n  t he

i n t e s t i n a l  v i l l i ,  Dobb i ns  and R o l l i n s  ( 1 9 7 0 )  e s t i m a t e d  

t h a t  a p p r o x i m a t e l y  2. 5% of  t h e  t o t a l  j u n c t i o n s  were  

ope n.  O t h e r  w o r k e r s  s t u d y 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  & K a r l i n ,  1 9 5 9 )  f ound g r e a t e r

numbers of  open j u n c t i o n s ,  up t o  6% of  t h e  t o t a l ,  and



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

l y m p h a t i c  c a p i l l a r y -  The number  o f  open j u n c t i o n s  

i n c r e a s e  up t o  50% i f  t h e  t i s s u e s  a r e  v e r y  a c t i v e  

met abo I i c a  I l y ,  or  d u r i n g  oedema,  or  even f o l l o w i n g  m i l d  

i n j u r y  CCas I e y - S m i t h ,  1 9 8 0 ) .  T h i s  woul d  s u g g e s t  t h a t  

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

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

t h e  t i m e .

g)  F i n a l l y ,  Leak  and Bur k e  ( 1 9 6 6 ;  1 9 6 8 )  have d e s c r i b e d

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

l e a f l e t  of  t h e  t r i l a m i n a r  u n i t  membrane of  t he  

e n d o t h e l i a l  c e l l  w a l l ,  or  a r e  embedded i n  an e l e c t r o n  

dense  opaque m a t e r i a l  a s s o c i a t e d  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  c e l l  membrane and wh i ch  r e s e mb l e s  

hemi desmosomes . These f i l a m e n t s  a r e  4 - 11nm i n  d i a m e t e r  

and may a p p e a r  as i n d i v i d u a l  u n i t s ,  bu t  a r e  u s u a l l y  

a g g r e g a t e d  i n t o  b u n d l e s  t h a t  run p a r a l l e l  t o  t h e  l ong  

a x i s  of  t h e  c a p i l l a r y  w a l l  and 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 o i n i n g  c o n n e c t i v e  t i s s u e -  Leak  

and Bur ke  ( 1 9 6 8 )  f o l l o w e d  t h e  s u g g e s t i o n  o f  P u l l i n g e r  

and F l o r e y  ( 1 9 3 5 ) ,  who wer e  t h e  f i r s t  t o  d e s c r i b e  such  

f i l a m e n t s  i n  t h e  v i c i n 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  by 

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

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

t i s s u e ,  and t h a t  t h e y  may p l a y  an i m p o r t a n t  r o l e  i n
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m a i n t a i n i n g  t h e  p a t e n c y  of  t h e  l y m p h a t i c  c a p i l l a r y

l umen ,  p a r t i c u l a r l y  un d e r  c o n d i t i o n s  of  i n c r e a s e d  

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 s .  T h i s  w i l l  t e n d  t o  f o r c e  

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

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

i n t e r s t i t i a l  f l u i d  d u r i n g  b o t h  nor ma l  and i n f l a m m a t o r y  

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

a n c h o r i n g  f i l a m e n t s  a r e  a t t a c h e d  woul d  a l s o  be 

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

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

l y m p h a t i c  c a p i l l a r y  l umen ,  by t h e  s e p a r a t i o n  of  l o o s e l y  

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 ,  p r o d u c i n g  p a t e n t  

i n t e r c e l l u l a r  j u n c t i o n s .  I n  b r i e f ,  as 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  r i s e s ,  t h e  a n c h o r i n g  f i l a m e n t s  p u l l  on 

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  l i k e  a "guy r ope "  on a 

t e n t  and h e l p  t o  keep t h e  v e s s e l  open.

C . i i i  H i s t o l o g y  & u I t r a s t r u c t u r e  of  c o l l e c t i n g  l y m p h a t i c  

v e s s e l s : -

The 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  d r a i n s  t o  t h e  l a r g e r  

c o l l e c t i n g  l y m p h a t i c s  wh i ch  have t h i c k e r  w a l l s  and a r e

s i t u a t e d  f u r t h e r  f r om t h e  s u r f a c e  b e i n g  d r a i n e d .  The

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

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

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

s p e c i e s  ( M o r r i s ,  1 9 7 0 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  I n

g e n e r a l ,  t h e  l ymph v e s s e l s  r e s e mb l e  t h e  v e i n s  i n

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

a r e  as a r u l e  t h i n n e r  t h a n  t h o s e  of  v e i n s  of  a
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c o r r e s p o n d i n g  c a l i b r e .  I n  t h e  s m a l l e r  l ymph v e s s e l s ,  t h e  

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

and a few smooth musc l e  c e l l s .  C a r l e t o n  and F l o r e y  ( 1 9 2 7 )  

f o u n d  t h a t  t h e  w a l l s  of  l y m p h a t i c  v e s s e l s ,  1 0 0 -  200 urn i n  

d i a m e t e r ,  c o n t a i n e d  mus c l e  f i b r e s  wh e r e a s  no mus c l e  c e l l s  

wer e  f ound  i n  v e s s e l s  s m a l l e r  t h a n  t h e s e .  I n  t h e  l a r g e r  

l y m p h a t i c  w a l l s  mus c l e  c e l l s  a r e  f ound embedded i n  t h e  

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

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

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

d i s t i n g u i s h e d  as i n  v e i n s :  i n t i m a ,  medi a  and a d v e n t i t i a .

The i n t i m a  i s  composed of  t h e  e n d o t h e l i a l  l i n i n g ,  

u n d e r n e a t h  wh i ch  i s  a d e l i c a t e  n e t w o r k  o f  e l a s t i c  f i b r e s  

d i s p o s e d  l o n g i t u d i n a l l y .  The medi a  c o n s i s t s  m a i n l y  of  

c i r c u l a r l y  d i s p o s e d  smooth mus c l e  f i b r e s  and a few 

l o n g i t u d i n a l  o n e s .  Be t ween t h e  musc l e  f i b r e s  a r e  

r e l a t i v e l y  few d e l i c a t e  e l a s t i c  f i b r i l s .  The a d v e n t i t i a ,  

whi ch  i s  t h e  t h i c k e s t  c o a t ,  i s  composed of  l o n g i t u d i n a l l y  

c o u r s i n g  c o l l a g e n o u s  f i b r e s ,  among wh i ch  a r e  b u n d l e s  of  

l o n g i t u d i n a l  musc l e  and e l a s t i c  f i b r e s  ( W e i s s ,  1 9 8 3 ;  Y o f f e y  

& C o u r t i c e ,  1 9 7 0 ) .  B l ood  c a p i l l a r i e s  and n e r v e s  a r e  

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

( W e i s s ,  1 9 8 3 )  .

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

d i r e c t e d  v a l v e s ,  wh i ch  a r e  of  g r e a t  v a l u e  i n  t h e i r  

h i s t o l o g i c a l  r e c o g n i t i o n .  These v a l v e s  u s u a l l y  c o n s i s t  of  

p a i r e d  c u s p s ,  each o r i g i n a t i n g  f r om o p p o s i t e  e n d o t h e l i a l
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s u r f a c e s  and e x t e n d i n g  i n t o  t h e  Lumen.  The base of  a
o

s i n g l e  v a l v e  cusp t a k e s  up a p p r o x i m a t e l y  180  of  t h e  

c i r c u m f e r e n c e  of  t h e  v e s s e l ,  so t h a t  t h e  e n t i r e  

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

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

o c c a s i o n a l  t r i c u s p i d  v a l v e s  ( W e i s s ,  1 9 8 3 )  and t r u n c a t e d  

cones  ( Boussauw & L a u w e r y n s ,  1 9 6 9 )  have been seen i n  some

l y m p h a t i c  v e s s e l s .  Cusps a r e  f o r me d  as f o l d s  of

e n d o t h e l i u m .  Kampmei er  ( 1 9 3 1 )  showed t h a t  t h e  v a l v e s  of  

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

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

c o n n e c t i v e  t i s s u e  f i b r e s  and even mus c l e  f i b r e s  e x t e n d  

b e t we e n  t h e  f o l d e d  e n d o t h e l i a l  s u r f a c e s  of  t h e  cusps f rom 

t h e  s u b e n d o t h e l i a l  t i s s u e .  The cusps p r o j e c t  i n  t h e

d i r e c t i o n  of  l ymph f l o w  and p r e v e n t  b a c k - f l o w .  V a l v e s  a r e  

r e s p o n s i b l e  f o r  t h e  beaded a p p e a r a n c e  of  l y m p h a t i c  v e s s e l s ;  

t h e  v e s s e l  i s  c o n s t r i c t e d  a t  t h e  a t t a c h m e n t  of  t h e  base of  

t h e  v a l v e  and d i l a t e d  beyond ( Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  

Kampmei er  ( 1 9 2 8 )  f ound t h a t  i n  t h e  human,  v a l v e s  f i r s t  

a p p e a r e d  b e t we e n  t h e  second and t h e  f i f t h  mont hs of  f o e t a l  

l i f e .  A l s o ,  he n o t e d  t h a t  t h e  f i r s t  v a l v e s  i n  t h e  

d e v e l o p i n g  l ymph v e s s e l s  a p p e a r e d  i n  t h e  t e r r i t o r y  of  t h e  

j u g u l a r  l ymph sacs and i n  t h e  uppe r  segment  of  t h e  t h o r a c i c  

d u c t ;  t h i s  was f o l l o w e d  by t h e  d e v e l o p m e n t  of  v a l v e s  i n  t h e  

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

e n t i r e  t h o r a c i c  d u c t  i t s e l f .  F u r t h e r m o r e ,  Kampmei er  

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

f i r s t  t y p e  o c c u r r e d  when one lymph v e s s e l  j o i n e d  a n o t h e r  i n
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t h e  f o r m a t i o n  of  a L y mp h a t i c  p l e x u s ;  t h e  second t y p e  

d e v e l o p e d  a t  t h e  mout hs of  a n a s t o mo s e s  a l r e a d y  f o r me d ;

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

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

e s t a b  I i s h e d .

The u 1 1 r a s t r u c t u r e  of  l ymph v e s s e l s  l a r g e r  t h a n

c a p i l l a r i e s  shows t h a t  as t h e y  pass c e n t r a l l y ,  t h e  

e n d o t h e l i a l  c e l l  j u n c t i o n s  c o n t a i n  more Z o n u l a e  a d h e r e n t e s  

and o c c l u d e n t e s  and f a r  f e w e r  open j u n c t i o n s  t h a n  i n

c a p i l l a r i e s ,  and t h e  basement  membrane becomes w e l l  

d e v e l o p e d .  A l s o ,  t h e  c o l l e c t i n g  l y m p h a t i c s  do not  have  

" a n c h o r i n g "  f i l a m e n t s  t o  c o n n e c t  t h e i r  w a l l  t o  t h e  

p e r i l y m p h a t i c  c o n n e c t i v e  t i s s u e ;  hence t h e y  can e a s i l y  be

c o l l a p s e d  by e x c e s s i v e  e x t e r n a l  p r e s s u r e s  ( Cas I e y - S m i t h ,

1 9 6 7 ) .  L a r g e r  l y m p h a t i c  v e s s e l s  come t o  r e s e mb l e  s ma l l

v e i n s .  L y mp h a t i c  v e s s e l s  a nas t omos e  w i t h  one a n o t h e r  and

t e n d  t o  t r a v e l  i n  company w i t h  b l o o d  v e s s e l s  ( u s u a l l y

v e i n s ) ,  wh i c h  may be g i r d l e d  by l y m p h a t i c s .  Lymph i s  

c a r r i e d  t o  lymph nodes by a f f e r e n t  l y m p h a t i c  v e s s e l s  and

f r om them by e f f e r e n t  v e s s e l s .  I t  i s  l i k e l y  t h a t  no l ymph  

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

one node ( W e i s s ,  1 9 8 3 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .
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&• PERMEABI LI TY and f u n c t i o n  of l y m p h a t i c  v e s s e l s

D. i G e n e r a l

I n  nor ma l  t i s s u e s  t h e  l y m p h a t i c s  d r a i n  any f l u i d  i n  

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

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

d i l a t e  and t h e  f o r m a t i o n  o f  l ymph i n c r e a s e s  ( Y o f f e y  & 

C o u r t i c e ,  1 9 7 0 ) .  T h i s  i s  b e t t e r  shown i n  e x p e r i m e n t s  wher e  

t h e  f i l t r a t i o n  r a t e  i s  i n c r e a s e d  by i n c r e a s i n g  t he  

f i l t r a t i o n  p r e s s u r e  as i n  i n t r a v e n o u s  t r a n s f u s i o n  

( R e i n h a r d t ,  1 9 5 2 ) ,  or  by a l t e r i n g  t h e  p e r m e a b i l i t y  of  t h e  

c e l l  membrane as i n  war mi ng a l i mb  i n  a hot  b a t h  ( C o u r t i c e ,  

1 9 4 6 ) .  The w a l l s  o f  b l o o d  c a p i l l a r i e s  and v e n u l e s  a r e  

s e m i - p e r m e a b l e  membranes t h a t  p e r m i t  t h e  d i f f u s i o n  of  

s m a l l - m o l e c u l a r - w e i g h t  m a t e r i a l s  t h r o u g h  them and r e t a i n  

l a r g e r  m o l e c u l e s  ( s u c h  as p r o t e i n s  and f a t t y  c o mp l e x e s )  and 

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

s i g n i f i c a n t  amount s  of  p l asma p r o t e i n s  do e scape  f r om b l o o d  

v e s s e l s ,  h o w e v e r ,  w i t h  l a r g e  v o l umes  of  f l u i d  ( Y o f f e y  & 

C o u r t i c e ,  1 9 7 0 ) .  The b a t h i n g  o f  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  by t h i s  t r a n s u d a t e  c o n s t i t u t e s  an e s s e n t i a l  

p h y s i o l o g i c a l  p r o c e s s .  T h i s  i s  t h e  means by whi ch  

hor mone s ,  a n t i b o d i e s ,  enzymes and o t h e r  m a c r o m o l e c u l e s  and 

f l u i d s  r e a c h  t h e  c e l l s  and i n t e r c e l l u l a r  m a t r i x  of  t h e  

b o d y .  B e s i d e s  r e mov i ng  t h e  e x c e s s  t i s s u e  f l u i d ,  so t h a t  

n o r m a l l y  t h e r e  i s  no a p p r e c i a b l e  amount  o f  f r e e  f l u i d  i n  

t h e  t i s s u e s ,  t h e  l y m p h a t i c  v e s s e l s  have t h e  s p e c i a l
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f u n c t i o n  o f  a b s o r b i n g  p r o t e i n  ( Y o f f e y  & C o u r t i c e ,  197 0 ) .  

I t  i s  now g e n e r a l l y  a g r e e d  t h a t  most  of  t h e  p l asma  

p r o t e i n s ,  i f  not  a l l ,  l o s t  f r om t h e  v a s c u l a r  s y s t e m ,  a r e  

r e t u r n e d  t o  t h e  b l o o d  by l y m p h a t i c  v e s s e l s ;  as t h e  

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

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

c o l l o i d a l  m o l e c u l e s  once t h e y  become e x t r a v a s c u I  a r

( C o u r t i c e  & Si mmonds,  1 9 4 9 ;  D r i n k e r  & F i e l d ,  1 9 3 1 ;  Hudack & 

M c M a s t e r ,  1 9 3 2 ;  Leak & B u r k e ,  1 9 6 8 ) .

T h e r e  i s  a s ma l l  but  s i g n i f i c a n t  l o s s  o f  c e l l s  f r om  

t h e  b l o o d  ( i n c l u d i n g  red b l o o d  c e l l s )  i n t o  t h e  p e r i v a s c u l a r  

t i s s u e s .  Some a r e  p i c k e d  up by l y m p h a t i c s  and r e t u r n e d  t o

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

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

( s u c h  as t h e  p e r i t o n e a l  c a v i t y )  v i a  l ymph i n t o  b l o o d

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

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

t r a f f i c  o f  l y mp h o c y t e s  t h r o u g h  t h e  b o d y ,  as p a r t  of  t he

immune d e f e n c e s .  T h i s  i m m u n o l o g i c a l  mechani sm i s  b r o u g h t  

a b o u t  by t h e  pass a ge  of  l ymph t h r o u g h  l ymph nodes and 

t h e n c e  t o  t h e  b l o o d  s t r e a m .  The l ymph nodes a r e  t h e

p r i n c i p a l  s i t e  of  immune r e s p o n s e  t o  l y m p h - b o r n e  a n t i g e n s

( W e i s s ,  1 9 8 3 )  .

D - i i i I i t y  and f u n c t i o n  of  l y m p h a t i c  c a p _ i i i § l l § §

The r e mo va l  of  c o n n e c t i v 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  i s  o f  f u n d a m e n t a l  i m p o r t a n c e  i n

t h e  nor ma l  m a i n t e n a n c e  of  f l u i d  b a l a n c e  f o r  body t i s s u e s .

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

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

o f  d i s e a s e  t o  v a r i o u s  p a r t s  of  t h e  body ( Y o f f e y  & C o u r t i c e ,  

1 9 7 0 ) .  The e a r l y  s t u d i e s  of  Hudack and Mc Ma s t e r  ( 1 9 3 2 )  and 

D r i n k e r  and F i l e d  ( 1 9 3 3 )  c l e a r l y  d e m o n s t r a t e d  t h a t  an 

i n t r a d e r m a l  i n j e c t i o n  o f  v i t a l  dyes  or  c o l l o i d a l  opaque  

p a r t i c l e s  r e a d i l y  passed  f r om c o n n e c t i v e  t i s s u e  spaces  i n t o  

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

l o c a l i s e  more p r e c i s e l y  t h e  p a t h wa y s  by whi ch  i n t e r s t i t i a l  

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

c a p i l l a r i e s ,  s u s p e n s i o n  of  c o l l o i d a l  dyes  and e l e c t r o n  

opaque t r a c e r  p a r t i c l e s  wer e  i n j e c t e d  by i n t e r s t i t i a l  and 

i n t r a v e n o u s  me t h o d s ,  and f ound  t o  g a i n  e n t r a n c e  i n t o  l u mi n a  

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

p a t h w a y s :  1)  i n t e r c e l l u l a r  c l e f t s  o f  p a t e n t  j u n c t i o n s ,  and

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

v e s i c l e s  ( C l e m e n t i  & P a l a d e ,  1 9 6 9 ;  Leak & B u r k e ,  1 9 6 6 ;  

1 9 6 8 ;  L e a k ,  1 9 7 2 ) .

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

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

w o r k e r s  have o b s e r v e d  l a r g e  amount s  of  m a c r o m o l e c u l e s ,  

t r a c e r  p a r t i c l e s ,  and c e l l s  t r a v e r s i n g  them ( r e v i e w e d  by 

A l l e n ,  1 9 6 7 ;  C a s I e y - S m i t h ,  1 9 7 2 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  

I n  p a r t i c u l a r ,  i t  has been shown t h a t  l y m p h a t i c s  i n  s i t e s  

where  t h e y  a r e  v e r y  p e r m e a b l e  ( e . g .  i n  t h e  d i a p h r a g m and 

t h e  i n t e s t i n a l  mucosa)  have many more open j u n c t i o n s  t h a n  

t h o s e  i n  r e g i o n s  wher e  t h e y  a r e  l e s s  p e r m e a b l e  ( e . g .  i n  t h e
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s k i n  o f  t h e  p i n n a ) .  The l y m p h a t i c  e n d o t h e l i a l  j u n c t i o n s  

t e n d  t o  open b e c a u s e :  t h e y  a r e  p o o r l y  s u p p o r t e d  by a d h e s i v e  

d e v i c e s ;  t h e y  l a c k  a c o n t i n u o u s  ba se ment  membrane;  

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

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

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

o e d e ma ) .  The open j u n c t i o n s  a r e  o n l y  open d u r i n g  t i s s u e  

r e l a x a t i o n  ( t h e  f i l l i n g  p h a s e ) ;  d u r i n g  t i s s u e  c o m p r e s s i o n  

( t h e  e mp t y i n g  p ha se )  t h e y  a r e  c l o s e d ,  and a r e  p e r m e a b l e  

o n l y  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 ,  197 2 ) .  I n  a d d i t i o n  

t o  open j u n c t i o n s ,  t h e  c l o s e d  o n e s ,  i . e .  w i t h  a b o u t  6nm 

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

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

i o n s  and s m a l l e r  m a c r o m o l e c u l e s  ( 4 0 . 0 0 0  M. W. )  ( C a s l e y -

S m i t h ,  197 2 ) ,  as a r e  t h o s e  i n  b l o o d  v e s s e l s  ( K a r n o v s k y ,  

1 9 6 8 ;  Ma j no,  1 9 6 5 ) .

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

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

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

movement  o f  t h e s e  v e s i c l e s  i s  r e l a t i v e l y  sl ow ( a b o u t  5
2

v e s i c l e s  d i s c h a r g e / u m  / s e c . ) ,  and c o n s e q u e n t l y  t h e y  can 

o n l y  t r a n s p o r t  a v e r y  s ma l l  amount  of  m a t e r i a l  compar ed  

w i t h  t h a t  wh i ch  p a sses  t h r o u g h  j u n c t i o n s  ( J e n n i n g s  e t  a I . ,  

1 9 6 2 ;  P e r r y  & G a r l i c k ,  1 9 7 5 ;  Wagner  & C a s l e y - S m i t h ,  1 9 8 1 ) .  

I t  has been s u g g e s t e d ,  h o w e v e r ,  t h a t  i n t e r c o n n e c t e d  sys t ems  

of  s ma l l  v e s i c l e s  may f or m c h a n n e l s  r i g h t  a c r o s s  t h e  b l o o d  

c a p i l l a r y  e n d o t h e l i u m  ( S i m i o n e s c u  e t  a I . ,  197 5 ) .  The o n l y

v e s i c l e s  t h a t  may be a c t i v e l y  i n v o l v e d  i n  t r a n s p o r t  of
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m a t e r i a l  a r e  t h e  l a r g e  v e s i c l e s  or  v a c u o l e s ,  e s p e c i a l l y  

t h o s e  wh i ch  i n g e s t  C h y l o m i c r a  as has been d e s c r i b e d  i n  t h e  

l a c t e a l s  o f  i n t e s t i n a l  v i l l i  ( D o b b i n s  & R o l l i n s ,  1 9 7 0 )  and 

i n  l y m p h a t i c  l a c u n a e  of  t h e  d i a p h r a g m ( C a s l e y - S m i t h ,  1 9 6 4 ;  

F r e n c h  e t  a l . ,  1 9 6 0 ) ;  b u t  even t h e s e  v a c u o l e s  a r e  

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

open j u n c t i o n s .

T h e r e f o r e ,  t h e r e  i s  a g e n e r a l  a g r e e m e n t ,  as m e n t i o n e d  

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

e t c . ,  pass i n 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  v i a  t h e  open  

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

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

t h e  c o m p r e s s i o 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  by t h e  

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

r e s p i r a t i o n ,  e t c .  ( A l l e n ,  1 9 6 7 ;  C a s l e y - S m i t h ,  1 9 7 7 ;  Y o f f e y  

& C o u r t i c e ,  1 9 7 0 ) .  Ho we v e r ,  t h e  p r e c i s e  mechani sm of  e n t r y  

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

whi ch  may a f f e c t  t h i s  mechani sm i s  u n c l e a r ,  and s e v e r a l  

t h e o r i e s  have been p r e s e n t e d : -

a)  I t  has l ong been h e l d  t h a t  t h e r e  i s  a s l i g h t  g r a d i e n t

o f  h y d r o s t a t i c  p r e s s u r e  f r om t h e  t i s s u e s  i n t o  t h e

l y m p h a t i c s  ( M a c M a s t e r ,  1 9 4 7 ;  W i e d e r h i e l m ,  1 9 6 8 ;  Y o f f e y  

& C o u r t i c e ,  1 9 7 0 ) .  T h i s  was o f t e n  q u e s t i o n e d  and i t  

seems f a i r l y  c e r t a i n  t h a t  i n  nor ma l  t i s s u e s  t h i s  

g r a d i e n t  c a n n o t  e x i s t  ( e x c e p t  i n  o e d e ma ) ,  and i n d e e d  

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

c a p i l l a r i e s  ( r e v i e w e d  by C a s l e y - S m i t h ,  1977 and Y o f f e y
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8 C o u r t i c e ,  197 0 ) .

b)  A l s o ,  i t  has been s u g g e s t e d  t h a t  f l u i d  c o u l d  be

a c t i v e l y  pumped a c r o s s  t h e  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  s m a l l  c y t o p l a s m i c  v e s i c l e s  ( D o b b i n s  8 R o l l i n s ,

1 9 7 0 ;  M a y e r s o n ,  1 9 6 3 ) .  T h i s  i s  h i g h l y  u n l i k e l y ,  s i n c e ,  

as m e n t i o n e d  e a r l i e r ,  v e s i c u l a r  t r a n s p o r t  by s ma l l

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

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

f ew p h a g o c y t i c  or  l a r g e  v e s i c l e s  t o  g i v e  a c t i v e

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

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

a f t e r  t h e y  have c o n t r a c t e d  and a r e  f i l l i n g  once mor e ,  

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

c a p i l l a r i e s  ( Gu y t o n  8 B a r b e r ,  1 9 8 0 ;  Reddy e t  a l . ,  197 5;  

T a y l o r  e t  a l ,  1 9 7 3 ) .  T h i s  h y p o t h e s i s  was r e j e c t e d  by 

C a s l e y - S m i t h  ( 1 9 8 2 )  due t o  t h e  f a c t  t h a t  c o l l e c t i n g

l y m p h a t i c s  do not  have many a t t a c h e d  f i l a m e n t s  t o  cause  

s u c t i o n  f r om t i s s u e  r e c o i l  a f t e r  c o n t r a c t i o n .  

F u r t h e r m o r e ,  t h e  mo r p h o l o g y  of  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  nor ma l  t i s s u e  i n d i c a t e s  t h a t  t h e  

i n t r a  l y m p h a t i c  p r e s s u r e s  i n  them a r e  g r e a t e r  t h a n  t h e  

t i s s u e  h y d r o s t a t i c  p r e s s u r e s ,  and hence s u c t i o n  i s  not  

b e i n g  a p p l i e d  t h r o u g h  t hem.

d)  R e c e n t l y ,  C a s l e y - S m i t h  ( 1 9 7 7 ;  1 9 8 2 )  c o n c l u d e d  t h a t  t h e  

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

p r e s s u r e  (ECOP)  o f  t h e  lymph wh i ch  seems c a p a b l e  of  

e x p l a i n i n g  a l l  t h e  known f a c t s ,  and a c c o r d i n g l y  he came 

up w i t h  t h e  h y p o t h e t i c a l  " i n i t i a l  l y m p h a t i c  c y c l e
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I n  b r i e f ,  d u r i n g  t h e  f i I I i n g - p h a s e ,  f l u i d  and p r o t e i n  

e n t e r  b e ca u s e  of  t h e  h i gh  ECOP o f  t h e  c o n c e n t r a t e d  

l ymph ,  wh i ch  becomes d i l u t e d .  When t h e  l ymph i s  so 

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

becomes j u s t  l e s s  t h a n  z e r o ,  t h e  j u n c t i o n s  w i l l  be 

c l o s e d  t o  p r o t e i n  by t h e  s t a r t  of  f l u i d  o u t f l o w .  T h u s ,  

t h e  p r o t e i n  of  t h e ' l y m p h ,  and hence t h e  f l u i d  i s  k e p t  

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

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

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

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

t r a n s m i t t e d  t o  t h e  l ymph.  T h i s  c l o s e s  t h e  open  

j u n c t i o n s  t o  p r o t e i n s ,  bu t  u l t r a f i l t e r s  t h e  l ymph ,  t h u s  

c o n c e n t r a t i n g  i t  a g a i n ,  and a l s o  f o r c e s  some i n t o  t h e  

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

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

but  r a p i d l y  passes  t h r o u g h  t h e i r  w a l l s  so t h a t  t h e  

f l u i d  wh i ch  w i l l  n e x t  e n t e r  t h e  l y m p h a t i c s  i s  no l o n g e r  

d i l u t e d .  T h i s  i n d i c a t e s  t h a t  a c t u a l l y  o n l y  a s ma l l  

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

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

D . i i i  P e r m e a b i l i t y  and f u n c t i o n  of  c o l l e c t i n g  l y m p h a t i c s  

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

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

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

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

t h e r e f o r e ,  r e spond t o  such p o w e r f u l  c o n s t r i c t o r  a g e n t s  as
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a d r e n a l i n  or  p i t u i t r i n  ( W e i s s ,  1 9 8 3 ) .  As c o l l e c t i n g

l y m p h a t i c s  pass c e n t r a l l y ,  t h e  j u n c t i o n s  become l e s s  and

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

w a l l s  become p r o g r e s s i v e l y  t h i c k e r .  He n c e ,  t h e

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

a l t h o u g h  t h e y  a r e  s t i l l  q u i t e  p e r m e a b l e  t o  s m a l l  ones

( F o l d i ,  1 9 7 7 ;  Rusz nyak  e t  a l . ,  1 9 6 7 ) .  The h y d r o s t a t i c

p r e s s u r e  i n  t h e s e  l y m p h a t i c s ,  i n  unc ompr es s ed  r e g i o n s ,

o f t e n  r i s e s  as h i gh  as 5 - 25c m H 0 ( Y o f f e y  & C o u r t i c e ,
2

1 9 7 0 ) .  I f  t h e y  a r e  o b s t r u c t e d ,  t h e  p r e s s u r e s  can r e a c h

ab o u t  150cm H O .  As a r e s u l t ,  La r ge  amount s  of  w a t e r  a r e  
2

l i k e l y  t o  be f o r c e d  ou t  o f  t h e s e  v e s s e l s  w h i l e  t h e s e  

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

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

c o n c e n t r a t e d  lymph e x e r t s  i t s e l f  ( M a y e r s o n  e t  a l . ,  1 9 6 2 ) .  

T h i s  p r o c e s s  w i l l  not  o c c u r  i n  t h e  a d j a c e n t  c o l l e c t i n g  

l y m p h a t i c s ,  wh i ch  a r e  i n  t h e  same r e g i o n  as t h e  l y m p h a t i c  

c a p i l l a r i e s  and a r e  s i m i l a r l y  c ompr essed  d u r i n g  t h e  

e m p t y i n g - p h a s e ,  but  i n  t h e  r emot e  ones wh i ch  a r e  o u t s i d e  of  

t h i s  r e g i o n  ( C a s l e y - S m i t h ,  1 9 7 7 ) .  When one c o n s i d e r s  t h e  

l i k e l y  c o n c e n t r a t i o n  of  l ymph 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 ,  

i t s  f u r t h e r  c o n c e n t r a t i o n  i n  t h e  compr es s e d  c o l l e c t i n g  

l y m p h a t i c s ,  i t s  s u b s e q u e n t  d i l u t i o n  i n  t h e  uncompr ess ed  

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

p r e s s u r e s ,  i t  i s  e v i d e n t  t h a t ,  e v e n t u a l l y ,  i t  mi g h t  b e a r  

much r e s e m b l a n c e  t o  t h e  t i s s u e  f l u i d  f r om whi ch  i t  

o r i g i n a t e d .

The f l o w  of  l ymph i n  l y m p h a t i c  v e s s e l s  i s  p r omot e d  by 
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s e v e r a l  p o s s i b l e  f a c t o r s  or  mechani sms wh i c h  may a c t  

s e p a r a t e l y  or  i n  c o m b i n a t i o n  ( d i s c u s s e d  i n  d e t a i l  by Y o f f e y  

& C o u r t i c e ,  1 9 7 0 ) .  I n  b r i e f ,  t h e s e  a r e : -

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

s u r r o u n d i n g  s t r u c t u r e s  such as mu s c l e s  and p u l s a t i n g  

b I ood v e s s e l s .

2)  The ma ss a g i n g  e f f e c t  o f  r e s p i r a t o r y  movement s .  The

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

pumpi ng mechani sm p r o p e l l i n g  l ymph i n  v a l v e d  l y m p h a t i c s  

f r om l o w e r  t o  up p e r  m e d i a s t i n u m  ( F r y  e t  a l . ,  1 9 5 2 ) .  

T h e r e f o r e ,  t h e  amount  pumped v a r i e s ,  p r e s u m a b l y ,  w i t h  

t h e  a m p l i t u d e  and f r e q u e n c y  o f  p r e s s u r e  changes  wh i c h

o c c u r  i n  e v e r y d a y  l i f e .

3 )  , The p r o p u l s i v e  a c t i o n s  o f  t h e  l y m p h a t i c  w a l l s  by a c t i v e

c o n t r a c t i o n  of  i t s  smooth mus c l e  c ompone nt .  The 

c o n t r a c t i o n s  a r e  s e g m e n t a l ,  i n  b e t we e n  t h e  s e t s  of  

v a l v e s .  These v a l v u l a r  segment s  have been t e r me d  

" l y m p h a n g i o n e s "  ( M i s l i n ,  1 9 6 7 ) .  I n  m e s e n t e r i c  l ymph 

v e s s e l s  of  t h e  g u i n e a  p i g ,  t h e s e  segment s  n o r m a l l y  

measur e  0 . 5 - 2 mm i n  l e n g t h  and 0 . 1 - 0 . 3mm i n  w i d t h ,  and 

e x h i b i t  a u t o n o mi c  r h y t h m i c  c o n t r a c t i o n s  w i t h  a 

f r e q u e n c y  o f  1 0 - 1 2 / m i n u t e  ( H o r s t m a n ,  1 9 6 8 ,  c i t e d  i n  

H a u c k ,  1 9 7 2 ) .  These r h y t h m i c  p r o p a g a t e d  c o n t r a c t i o n s  

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

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

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

( F l o r e y ,  1 9 2 7 ;  P u l l i n g e r  & F l o r e y ,  1 9 3 5 ;  S m i t h ,  1 9 4 9 ) .

30



The l y m p h a n g i o n e s ,  or  segment s  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 ,  a r e  i n f l u e n c e d  by a number  o f  f a c t o r s  

( M i s l i n ,  1 9 6 7 ) .  When i s o l a t e d ,  t h e y  have been shown t o  

have v a r y i n g  f r e q u e n c i e s  t h a t  can be i n f l u e n c e d  by b o t h  

n a t u r a l  and a r t i f i c i a l  s t i m u l i -  The most  i m p o r t a n t  

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

r a i s e d ,  and t h e  v e s s e l s  d i l a t e ,  t h e  f r e q u e n c y  and t h e  

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

t h i s  s i t u a t i o n  i s  v e r y  s i m i l a r  t o  S t a r l i n g ' s  l aw of  t h e  

h e a r t ,  w i t h  a l l  i t s  i m p l i c a t i o n s  of  n e g a t i v e  f e e d b a c k  

and h o m e o s t a s i s  ( R o d d i e ,  1 9 8 0 ) .  The c o - o r d i n a t i o n  of  

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

d i f f e r e n t  ways .  P o s s i b l y  t h e r e  i s  d i r e c t  p a ss a ge  of  

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

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

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

p e r i p h e r a l l y  a d j a c e n t  l y m p h a n g i o n ,  wh i ch  has c o n t r a c t e d  

s l i g h t l y  e a r l i e r  ( S m i t h ,  1 9 4 9 ;  Y o f f e y  & C o u r t i c e ,  

1 9 7 0 ) .

The pumpi ng o f  l ymph i s  a l s o  a c h i e v e d  w i t h  t h e  a i d  of  

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

of  l ymph f l o w  i n  o n e - wa y  t r a f f i c ;  t h e r e f o r e ,  p r e v e n t i n g  

b a c k - f l o w  ( p r o v i d e d  t h e  v a l v e s  a r e  c o m p e t e n t ) .  I t  has 

been s u g g e s t e d  t h a t  t h e  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  of  p e r i p h e r a l  l ymph c a p i l l a r i e s  c o u l d  a c t  as 

" i n l e t  v a l v e s "  and t h e  v a l v e s  i n s i d e  t h e  more 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  c o u l d  a c t  as " o u t l e t  v a l v e s " .  

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



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

e f f i c i e n t  pumps-  T h i s  has been shown t o  be t h e  c a s e  i n  

s u b p e r i t o n e a I  l y m p h a t i c  l a c u n a e  of  t h e  d i a p h r a g m  ( A l l e n  

& V o g t ,  1 9 3 7 ;  C a s l e y - S m i t h ,  1 9 6 4 ) ,  and i n  t h e  

i n t e s t i n a l  l a c t e a l s  ( C a s l e y - S m i t h ,  1 9 6 2 ) .

5)  The f o r c e  of  g r a v i t y ,  i n  t h o s e  l y m p h a t i c s  wh i c h  l i e  

above  t h e  l e v e l  of  e n t r y  o f  t h e  t h o r a c i c  d u c t  i n t o  t h e  

venous  syst em i s  a l s o  an i m p o r t a n t  f a c t o r  i n  t h e  

p r o p u l s i o n  o f  l ymph ( W e i s s ,  1 9 8 3 ) .

The r a t e  of  l ymph f l o w  v a r i e s  c o n s i d e r a b l y -  T r y p a n

b l u e  i n j e c t e d  i n t o  t h e  h i n d  f o o t  of  a dog r e a c h e s  t h o r a c i c  

d u c t  l ymph i n  seconds  ( Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  I t  has 

been e s t i m a t e d  t h a t  t h e  vol ume o f  l ymph e n t e r i n g  t h e  b l o o d  

s t r e a m f r om t h e  t h o r a c i c  d u c t ,  i n  r e s t i n g  human s u b j e c t s ,  

a v e r a g e s  1 - 38m I / k g / h o u r - Lymph f l o w  i s  i n c r e a s e d  by

i n g e s t i n g  f ood  or  w a t e r  or  by a b d o m i n a l  massage ( W e i s s ,

1 9 8 3 ) .  Lymph i s  u s u a l l y  d i s c h a r g e d  i n t o  t h e  v e i n s  i n  t h e  

neck f r om t h e  t h o r a c i c  and r i g h t  l ymph d u c t s -  O t h e r  

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

p o t e n t i a l l y  ( d e p e n d i n g  on r e l a t i v e  p r e s s u r e s ) ( Rusznyak  e t  

a l . ,  1 9 6 7 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  A l t h o u g h  t h e s e  o t h e r  

c o mmu n i c a t i o n s  a r e  u s u a l l y  c o n s i d e r e d  t o  f u n c t i o n  o n l y  i f  

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

o v e r l o a d e d ,  i t  a p p e a r s  t h a t  r a t h e r  more l ymph i s  p r o d u c e d  

t h a n  can be c o l l e c t e d  f r om t h e  t h o r a c i c  and r i g h t  l ymph

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

n o r m a l l y  t o  some e x t e n t  ( Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .
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E.  J I SSUE CHANNELS AND PRELYMPHATICS

E. i G e n e r a l

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

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

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

germ l a y e r s  ( B a i t s e l l ,  1 9 2 4 - 1 9 2 5 ) .

I n  l a t e r  l i f e ,  c o n n e c t i v e  t i s s u e  i s  m a i n l y  f or me d  of  

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

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

s u b s t a n c e "  or  " i n t e r s t i t i a l  m a t r i x " .  T h i s  i s  an amorphous  

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

w e i g h t  p o l y s a c c h a r i d e s  c a l l e d  g l y c o s a m i n o g l y c a n s  ( G o l d b e r g  

& R a b i n o v i t c h ,  1 9 8 3 ;  H r u z a ,  1 9 7 7 ) .

The f l u i d  t h a t  i s  p r e s e n t  i n  t h i s  t i s s u e ,  t h e  s o -  

c a l l e d  t i s s u e  f l u i d  or  i n t e r s t i t i a l  f l u i d ,  i s  not  n o r m a l l y  

" f r e e " ,  s i n c e  i t  i s  a s s o c i a t e d  w i t h  t h e  c o l l o i d  g e l  wh i ch  

makes up t h e  g r ound s u b s t a n c e  of  t h e  c o n n e c t i v e  t i s s u e  and 

v a r i e s  i n  amount  un 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 .  Onl y  when 

h y d r a t i o n  of  t h e  g e l  i s  i n c r e a s e d  above a c e r t a i n  p o i n t  can 

a c c u m u l a t i o n s  o f  " f r e e "  f l u i d  i n  p o o l s  be o b s e r v e d ,  as i n  

oedema or  i n f l a m m a t i o n  ( Y o f f e y  & C o u r t i c e ,  197 0 ) .

Some w o r k e r s  t o d a y  r e g a r d  t h e  i n t e r s t i t i a l  t i s s u e  as 

a t w o - p h a s e  syst em ( C a s l e y - S m i t h ,  1 9 8 2 ;  G r a n g e r ,  1 9 7 9 ;  

L a u r e n t ,  1 9 7 0 ;  W e i d e r h e l m  e t  a l . ,  1 9 7 6 ) .  They c o n s i d e r  t h a t  

t h e  more " s o l i d  g e l - p h a s e "  has most  o f  t h e  t i s s u e  w a t e r  

a d s o r b e d  t o  i t  a n d ,  t h e r e f o r 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 .  The w a t e r  wh i c h  i s  a c t u a l l y  f r e e  i n  t h e  t i s s u e

33



i s  r e m a r k a b l y  l i t t l e  ( e x c e p t  i n  oedema)  and f ound  i n  t h e  

" f l u i d  s o l - p h a s e " ,  wh i ch  i s  u s u a l l y  s m a l l  i n  vo l ume  and 

c o n t a i n s  a m i n i m a l  amount  of  g l y c o s a m i n o g l y c a n s . 

F u r t h e r m o r e ,  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 om one s t a t e  t o  

t h e  o t h e r ,  wher e  t h e  two phases  me e t -  E a r l i e r ,  Chase  

( 1 9 5 9 )  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 or m of  many 

i s o l a t e d  s m a l l  v a c u o l e s  ( a r o u n d  50nm) l y i n g  i n  t h e  g e l -  

p h a s e .  Ho we v e r ,  h i gh  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  of  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 y  f or m i r r e g u l a r ,  

r a n d o ml 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  

& V i n c e n t ,  1 9 7 8 ) .  T h e i r  s i z e s  and numbers can be e s t i m a t e d  

by f i l l i n g  them w i t h  a p r e c i p i t a t e d  t r a c e r ,  wh i ch  has a 

h i g h  c h a r g e - d e n s i t y  a n d ,  h e n c e ,  i s  r e t a i n e d  i n  t h e  s o l -  

phase 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 .  I t  has a l s o  been  

f ound  t h a t  t h e i r  numbers and d i m e n s i o n s  i n c r e a s e  e n o r mo u s l y  

a f t e r  i n j u r y  or  i n  oedema ( C a s l e y - S m i t h ,  1 9 7 8 ;  1 9 8 0 ) .

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

n e i g h b o u r h o o d  o f  t h e  b l o o d  v e s s e l s ,  as mi g h t  be e x p e c t e d  

f r om t h e  i n c r e a s e d  f l u i d  f l o w  i n  t h e s e  r e g i o n s .  They f or m  

a n e t w o r k ,  wh i ch  i s  e s s e n t i a l l y  a v e r y  l a b i l e  and i l l -  

d e f i n e d  " u l t r a c i r c u l a t o r y  s y s t e m " ,  y e t  wh i ch  d i s p l a y s  an 

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

and m a c r o m o l e c u l e s  b e t we e n  t h e  b l o o d  v e s s e l s ,  and b e t we e n  

them and t h e  l y m p h a t i c s  ( C a s l e y - S m i t h ,  1 9 7 6 ;  1 9 7 8 ;  1 9 8 0 ;

F o l d i ,  1 9 6 8 ;  1 9 7 7 ;  1 9 8 2 ;  Ha u c k ,  1 9 7 2 ;  1 9 7 8 ) .

I n  h i s  e x t e n s i v e  s t u d y ,  m a i n l y  by use of  t h e  e l e c t r o n  

m i c r o s c o p e ,  of  t h e  l y m p h a t i c  syst em i n  many e x p e r i m e n t a l  

a n i m a l s ,  C a s l e y - S m i t h  ( 1 9 7 6 ,  1 9 7 8 ,  1 9 8 0 )  r e c o g n i s e d  two
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d i f f e r e n t  t y p e s  of  i n t e r s t i t i a l  t i s s u e  s p a c e s :  ( i )  " T i s s u e

C h a n n e l s "  and ( i i )  " P r e - I  y m p h a t i c s " .

E - i i  I i s s u e  C h a n n e l s

These  a r e  gaps or  spaces  n o r m a l l y  f o u n d  b e t we e n  t h e

f o r me 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  a l l  o v e r  t h e  b o d y ,

and wh i c h  a r e  e a s i l y  v i s i b l e  when many t r a c e r s  or  p r o t e i n s

a r e  p r e s e n t .  They a r e  q u i t e  n a r r o w ( a p p r o x .  100nm)  and
2

s p a r s e  ( a p p r o x .  1 pe r  urn ) ,  and r e l a t i v e l y  s h o r t  ( a p p r o x .  

0 . 1 m m ) .  W h i l e  most  c h a n n e l s  f or m a " f i n e  c i r c u l a t i o n "  

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

venous  s i d e s ,  p a r t i c u l a r l y  f e n e s t r a e  ( a p p r o x .  60  t i m e s  more  

c h a n n e l s  can be c a l c u l a t e d  t o  end a t  f e n e s t r a e ) ,  some pass  

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 .  These  somet i mes  end a t  a 

l y m p h a t i c  j u n c t i o n ,  wh i c h  i s  e i t h e r  open or  a p p e a r s  

o p e n a b l e  ( C o l  l a n  & K a l i m a ,  1 97 4 ) .  W h i l e  i t  i s  o b v i o u s  t h a t  

some s m a l l  r e g i o n s ,  a t  some t i m e s ,  w i l l  c o n t a i n  more f l u i d  

t h a n  o t h e r s ;  C a s l e y - S m i t h  ( 1 9 8 0 )  s t a t e d : -  "To many w o r k e r s  

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

t h a t  happen t o  open a t  a l y m p h a t i c  j u n c t i o n  w i t h  t h e  t e r m  

p r e - l y m p h a t i c " . T h e r e f o r e ,  he s u g g e s t e d  t h e  t e r m " t i s s u e  

c h a n n e l s "  as most  s u i t a b l e  f o r  t h o s e  s h o r t  and r e l a t i v e l y  

i n f r e q u e n t  c h a n n e l s ,  r e membe r i ng  t h a t  f l u i d  p asses  i n  them 

f r om and t o  t h e  b l o o d  c a p i l l a r i e s ,  and 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 .

E . i i i  P r e - l y m g h a t i c s

T h i s  i s  a syst em of  l ong t i s s u e  c h a n n e l s ,  not  l i n e d  

by e n d o t h e l i u m ,  wh i ch  i s  p a r t i c u l a r l y  i m p o r t a n t  i n
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r e g i o n s  wher e  t h e r e  a r e  no t r u e  L y m p h a t i c s ,  e . g .  t h e  b r a i n ,

r e t i n a ,  bone ma r r o w,  e t c .  I n  such r e g i o n s  t h e s e  c h a n n e l s

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

s p a c e s ,  or  p o t e n t i a l  s p a c e s ,  wh i ch  f o l l o w  q u 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  l a r g e  b l o o d  v e s s e l s ,

and a l s o  l i e  a d j a c e n t  t o  t h e  base ment  membranes o f  b l o o d

c a p i l l a r i e s .  I n  t h e  b r a i n ,  t h e s e  l ong p r e l y m p h a t i c

c h a n n e l s  r e a c h  f r om t h e  d e e p e r  p a r t s  of  t h e  c e r e b r a l  

c o r t e x ,  t o  t h e  m a j o r  b l o o d  v e s s e l s ,  and e v e n t u a l l y  

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

s k u l l .  T h i s  c o u r s e  has been t r a c e d  not  o n l y  by i n j e c t i n g  

c a r b o n  i n t o  t h e  c e r e b r a l  c o r t e x ,  bu t  a l s o  by l i g a t i n g  t h e  

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

t h e  v e r y  d i l a t e d  p r e l y m p h a t i c s ,  a l l  t h e  way f r om t h e  neck

t o  t h e  l ymphoedema t ous  c e r e b r a l  c o r t e x .  T h u s ,  i n  such

r e g i o n s  t h e  pr e  l y m p h a t i c s  t a k e  o v e r  t h e  r o l e  of  t h e  t r u e

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

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

s y s t e m s ,  wh i ch  p e r f o r m  such a s p e c i a l  r o l e ,  C a s l e y - S m i t h  

s u g g e s t e d  t h e  name " p r e l y m p h a t i c  s ys t e m"  seems j u s t i f i a b l e .

R e c e n t l y  Hauck ( 1 9 7 2 ;  1 9 7 3 ;  1 9 7 8 ;  1 9 8 2 )  i n v e s t i g a t e d

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

f l u i d  pa t hwa y  i n  t h e  m e s e n t e r i c  t i s s u e  of  t h e  r a b b i t ,  

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

l i g h t  f l u o r e s c e n c e  c ombi ned w i t h  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 .  Hi s  r e s u l t s  seem t o  a g r e e  w i t h ,  and 

c o n f i r m  t h o s e  of  C a s l e y - S m i t h .  He r e c o g n i s e d :  ( i )  a l ong

t r a n s i n t e r s t i t i a l  pa t hwa y  and ( i i )  a s h o r t  on e .  The l ong



pa t h wa y  i n c l u d e d  t h e  p r e l y m p h a t i c  t i s s u e  c h a n n e l s ,

d e s c r i b e d  by C a s l e y - S m i t h ,  i n  a d d i t i o n  t o  a " p r e f e r e n t i a l  

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

The n a t u r e  and mechani sm of  t h e  l a t t e r  i s  not  c l e a r ,  but  

t h e  t r a n s p o r t  o c c u r s  much f a s t e r  t h a n  i s  p o s s i b l e  by 

d i f f u s i o n .  T h u s ,  Hauck s u g g e s t e d  t h a t  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 s ,  a l s o  have a 

p a s s i v e  t r a n s p o r t  or  " 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 we e n  m i c r o b l o o d  v e s s e l s  and d r a i n a g e  

sys t em m a r k i n g  t h e  " l o w r e s i s t a n c e  p a t h w a y " .  T h i s  has been  

s u g g e s t e d  e a r l i e r  by K i h a r a  ( 1 9 5 6 )  as an e x t r a v a s c u l a r

f l u i d  p a t h w a y .  D i m i n u t i o n  o f  t h e  e l a s t i c  f i b r e s ,  as one 

f i n d s  i n  a t r o p h i c  changes  o f  t h e  s k i n ,  l e a d s  t o

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

t h e  t i s s u e s  ( J a g e r  e t  a l . ,  1 9 7 9 ) .  B e s i d e s  t h e  l ong

t r a n s i n t e r s t i t i a l  p a t h w a y ,  Hauck ( 1 9 7 3 )  a l s o  o b s e r v e d  a 

s h o r t  pa t hwa y  f r om t h e  venous  m i c r o v e s s e l s  t o  t h e  

p a r a v a s c u l a r  l y m p h a t i c s  wh i ch  seems t o  be p r e f e r a b l y  used  

by m a c r o m o l e c u l e s  l e a v i n g  t h e  venous  m i c r o v a s c u l a t u r e .

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

l y m p h a t i c  sys t ems 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  sys t em t o  t h e  l a r g e r  l ymph

t r a n s p o r t  v e s s e l s .  T h i s  l e d  Hauck t o  s u g g e s t  t h a t ,  i n s t e a d

of  t h e  t r a d i t i o n a l  c o n c e p t  t h a t  l y m p h a t i c s  b e g i n  ( o r  end)  

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

syst em i s  a c o m p l e t e l y  open syst em of  t i s s u e  c h a n n e l s ,  

f o r m i n g  a n e t wo r k  and r e p r e s e n t s  t h e  p r i m a r y  or  e l e m e n t a r y
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d r a i n a g e  s y s t e m-  T h i s  seems t o  be t h e  b e g i n n i n g  of  a 

c a n a l i z a t i o n  sys t em f o r  f l u i d  d r a i n a g e  whe r e by  t h e  t i s s u e  

i s  d i v i d e d  by t h e  t i s s u e  c h a n n e l s  i n  e l e m e n t a r y  t h r e e -  

d i m e n s i o n a l  " t i s s u e  u n i t s " -  T h e r e f o r e ,  h i s  c o n c e p t  of  t h e  

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

mar ked by t h e  f o l l o w i n g  p r e f o r m e d  e l e m e n t s :  m i c r o v e s s e l s ,

e l a s t i c  f i b r e s ,  t i s s u e  u n i t s ,  t i s s u e  c h a n n e l s  and i n i t i a l  

l y mp h a t  i c s .
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F . m e t h o d s  for s t u d y  of l y m p h a t i c s

The d i s c o v e r y  by Nuck i n  1692  t h a t  L y m p h a t i c s  c o u l d

be d i r e c t l y  i n j e c t e d  w i t h  m e r c u r y  opened t h e  way f o r

s e r i o u s  s t u d y .  C r u i c k s h a n k  ( 17  86 )  who c o l l a b o r a t e d  w i t h

W i l l i a m  H u n t e r  and p u b l i s h e d  t h e i r  f i n d i n g s  a f t e r  H u n t e r ' s  

d e a t h ,  i mp r o v e d  t h e  met hod used by Nuck and e x t e n d e d  i t s  

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

man.  S i n c e  t h e s e  e a r l y  p i o n e e r i n g  s t u d i e s ,  many 

i n v e s t i g a t o r s  used v a r i o u s  m a t e r i a l  f o r  i n j e c t i o n ,  i n  human 

and i n  d i f f e r e n t  a n i m a l  s p e c i e s .  V a r i o u s  t y p e s  of  

i n j e c t i o n  t e c h n i q u e s  and o t h e r  ne wl y  a d o p t e d  met hods  f o r  

t h e  s t u d y  of  l y m p h a t i c s  a r e  d i s c u s s e d  b r i e f l y : -

1)  S i l v e r  i m b i b i t i o n  ( i m p r e g n a t i o n )

T h i s  t e c h n i q u e  was f i r s t  used by V.  

R e c k l i n g h a u s e n  i n  1 862  t o  r e v e a l  t h e  d i s t r i b u t i o n  of  

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 .  L a t e r  t h i s  met hod was 

used by many w o r k e r s  a t  t h a t  t i m e ,  such as K l e i n  ( 1 8 7 3 )  

who s t u d i e d  l y m p h a t i c s  o f  t h e  m e s e n t e r y  and omentum;

and Hoggan and Hoggan ( 1 8 8 1 ;  1 8 8 2 )  who s t u d i e d

l y m p h a t i c s  of  t h e  u t e r u s .  I n  t h i s  t e c h n i q u e ,  s i l v e r  

n i t r a t e  s o l u t i o n  was p o ur e d  on t h e  t i s s u e  s u r f a c e  t o  be 

s t u d i e d  and a f t e r  r i n s i n g ,  e x p o s u r e  t o  L i g h t  

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

" i n t e r c e l l u l a r  ceme nt "  o f  t h e  e n d o t h e l i a l  l i n i n g  of  t h e  

l y m p h a t i c s ,  t h u s  o u t l i n i n g  t h e i r  w a l l s .  The mai n  

a d v a n t a g e  of  " s i l v e r  i m b i b i t i o n "  was t h a t  t h e  t h r e e -  

d i m e n s i o n a l  p a t t e r n  of  t h e  l y m p h a t i c s  c o u l d  be s t u d i e d .
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Ho we v e r ,  t h i s  met hod c o u l d  p r o d u c e  f a l s e  p o s i t i v e  

r e s u l t s  as t h e  b l o o d  v e s s e l ' s  w a l l s  c o u l d  a l s o  be 

s t a i n e d  by t h e  p r o c e d u r e  CHoy e r ,  1 8 6 5 ) .

2)  L o c a l  p a r e n c h y m a t o u s  ( s t a b )  i n j e c t i o n

By a b o u t  t h e  end o f  t h e  1 9 t h  C e n t u r y ,  i t  was 

f ound  t h a t  i t  was not  n e c e s s a r y  t o  i n j e c t  d i r e c t l y  i n t o  

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

t h e  pa r enchyma  was s u f f i c i e n t ;  t h u s  d i f f e r e n t  

s u b s t a n c e s  wer e  used f o r  t h e  i n j e c t i o n s  ( e . g .  m e r c u r y ,  

c o l o u r e d  g e l a t i n ,  aqueous  c a r b o n  s u s p e n s i o n s ,  e t c . ) .  

I n  t h i s  t e c h n i q u e  t h e  i n j e c t i o n  was made d i r e c t l y  and 

b l i n d l y  i n t o  t h e  t i s s 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  l ymph  

v e s s e l s  by a n t e r o g r a d e  f l o w  ( H i g g i n s ,  1 9 2 5 ;  J o b ,  1 9 1 5 ) .  

T h i s  met hod can g i v e  e x c e l l e n t  r e s u l t s  i n  t i s s u e s  such  

as s k i n ,  i n  wh i c h  l y m p h a t i c s  a r e  l a r g e  and a b u n d a n t  

( Hudac k  & M c M a s t e r ,  1 9 3 2 ) ;  wher e  t h e y  a r e  s ma l l  a n d / o r  

s p a r s e ,  f a i l u r e  t o  d e m o n s t r a t e  them by i n j e c t i o n  may 

g i v e  f a l s e  n e g a t i v e  r e s u l t s .  A l s o ,  f a l s e  p o s i t i v e  

r e s u l t s  may be g i v e n  by i n a d v e r t e n t  i n j e c t i o n  of  b l o o d  

v e s s e l s  or  by t h e  c r e a t i o n  o f  a r t i f i c i a l  s pace s  i n  t h e  

c o n n e c t i v e  t i  s s u e .

T h i s  t e c h n i q u e  has been used t o  d e m o n s t r a t e  

l y m p h a t i c s  i n  a wi de  v a r i e t y  of  s i t e s ,  e . g . :  t h e  d e r m i s  

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

such as k i d n e y ,  t e s t i s ,  l i v e r ;  s u b s e r o s a l  i n j e c t i o n s  o f  

h o l l o w  v i s c e r a ;  and i n j e c t i o n s  i n t o  l ymph n o d e s .  Wi t h  

c a r e  and some l u c k ,  t h i s  met hod makes t h e  t y p i c a l
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L y mp h a t i c  p l e x u s  e a s i l y  v i s i b l e .

3)  R e t r o g r a d e  i n f e c t i o n

T h i s  met hod i n v o l v e s  i n j e c t i o n  o f  c o l l e c t i n g  

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

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

f a l s e  n e g a t i v e s  can be p r o d u c e d ,  be c a u s e  c o mp e t e n t  

v a l v e s  p r e v e n t  r e t r o g r a d e  f l o w ;  and f a l s e  p o s i t i v e s  on 

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

i n j e c t i o n  o f  b l o o d  v e s s e l s .

4)  Doub l e  i n f e c t i o n

As b l o o d  v e s s e l s  may be i n a d v e r t e n t l y  i n j e c t e d  by 

r e t r o g r a d e  i n j e c t i o n  and m i s t a k e n  f o r  l y m p h a t i c s ,  some 

w o r k e r s  have used 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  of  

c o n t r a s t i n g  c o l o u r s  ( McLean & S c o t h o r n e ,  1 9 7 0 ) .  A 

r e t r o g r a d e  i n j e c t i o n  of  i n d i a  i n k  was used t o  

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

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

of  y e l l o w  l e a d  c h r o m a t e .

5)  V a s c u l a r  p e r f u s i o n

I t  was F a w c e t t  e t  a l  ( 1 9 6 9 )  who f i r s t  used t h i s  

me t h o d ,  and i t  has p r o v e d  t o  be by f a r  t h e  most  

s a t i s f a c t o r y  met hod of  d e m o n s t r a t i n g  l y m p h a t i c s .  He 

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

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

L y mp h a t i c  v e s s e l s  can t h e n  be r e a d i l y  d i s t i n g u i s h e d  

f r om empt y b l o o d  v e s s e l s ,  i n  s e m i - t h i n  s e c t i o n s  o f  

a r a l d i t e - e m b e d d e d  m a t e r i a l ,  by t h e i r  c o n t e n t  of
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p r e c i p i t a t e d  l ymph p r o t e i n -  V a s c u l a r  p e r f u s i o n  

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

s t r u c t u r e s ,  and has t h e  f u r t h e r  a d v a n t a g e  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 ,  r a t h e r  

t h a n  d i s t e n d e d  as t h e y  o f t e n  a r e  when d i r e c t l y  

i n j e c t e d .  T h i s  met hod a l s o  a l l o w s  t h e  use of  b o t h  t h e  

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

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

o f  d o u b t f u l  v e s s e l s -  The g e n e r a l  u 1 1 r a s t r u c t u r a  I 

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

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

t h a t  l y m p h a t i c s  have :  ( i )  w i d e r  l u mi n a  and an

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

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

( i i i )  a b u n d a n t  c y t o p l a s m i c  p i n o c y t i c  v e s i c l e s ,  ( i v )  a 

d i s c o n t i n u o u s  or  a b s e n t  b a s a l  l a m i n a ,  ( v )  open  

i n t e r c e l l u l a r  j u n c t i o n s ,  ( v i )  t h e  p r e s e n c e  of  numer ous  

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

( v i i )  numerous f i n e  f i l a m e n t s  a t  t h e  a b l u m i n a l  s u r f a c e  

whi ch  s e r v e  t o  a n c h o r  t h e  l y m p h a t i c  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 .

I n j e c t i o n  of  t r a c e r  m a t e r i a l  i n t o  b l o o d  c i r c u l a t i o n  

or  i n t o  s e r o u s  c a v i t i e s

T h i s  t e c h n i q u e  i n v o l v e s  t h e  i n j e c t i o n  o f  s m a l l -  

m o l e c u l a r - w e i g h t  t r a c e r  p a r t i c l e s  ( s u c h  as f e r r i t i n ,  

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

p r o t e i n s ,  l a t e x  s p h e r e s ,  e t c . )  i n t o  t h e  v a s c u l a r  bed 

( C l e m e n t i  & P a l a d e ,  1 9 6 9 ;  K a r n o v s k y ,  1 9 6 7 ;  L e a k ,  1 9 7 2 ) ,



or  i n t o  t h e  p e r i t o n e a l  c a v i t y  ( A l l e n ,  1 9 3 6 ;  C a s l e y -  

S m i t h ,  1 9 6 4 ;  C o u r t i c e  & S t e i n b e c k ,  1 9 5 0 ;  F r e n c h  e t  a l . ,  

1 9 6 0 ;  L e a k ,  1 9 7 6 ;  1 9 7 7 ;  S i m e r ,  1 9 4 4 ;  1 9 4 8 ) ,  or  t h e

p l e u r a l  c a v i t y  ( C o u r t i c e  & Si mmonds,  1 9 4 9 ;  C o u r t i c e  & 

M o r r i s ,  1 9 5 3 ;  Wang,  1 9 7 5 ) ,  or  i n t o  t h e  p e r i c a r d i a l  

c a v i t y  ( A l l e n ,  1 9 5 8 ;  D r i n k e r  & F i e l d ,  1 9 3 1 ;  K l u g e  & 

O n g r e ,  1 9 6 8 ;  K l u g e ,  1 9 6 9 ;  P a t e k ,  1 9 3 9 ) .  The t i s s u e  

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

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

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

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

i n t e r s t i t i u m  and i t s  s u b s e q u e n t  r e mo v a l  by t h e  

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

of  f o r c e s  w i t h i n  t h e  c o n n e c t i v e  t i s s u e  as i s  t h e  case  

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

t h e  pa t hwa y  of  movement  of  t h e  t r a c e r  s u b s t a n c e s  a c r o s s  

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

e l e c t r o n  m i c r o s c o p i c a l  o b s e r v a t i o n s  a t  s u c c e s s i v e  t i me  

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

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

i n  t h e  p r o c e d u r e ,  i t  g i v e s  e x c e l l e n t  r e s u l t s ;  empt y  

b l o o d  v e s s e l s  c o n t r a s t  c l e a r l y  w i t h  L y m p h a t i c s ,  wh i ch  

c o n t a i n  lymph p r o t e i n  p r e c i p i t a t e ,  i n  a d d i t i o n  t o  t h e  

a r t i f i c i a l  i n j e c t e d  t r a c e r .

" A u t o i n j e c t i o n "  of  l y m p h a t i c s ,  f o r  e x a mp l e  by 

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

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

c h y l o m i c r a  ( 0 . 1  -  1 um i n  d i a m e t e r )  and l i p o p r o t e i n s

( 1 0  -  100 m u i n  d i a m e t e r )  ( C a s l e y - S m i t h ,  1 9 6 2 ) .  I t

has been e s t i m a t e d  t h a t  c h y l o m i c r o n s  a p p e a r  i n  t h e  

b l o o d  a h a l f  t o  one and a h a l f  ho u r s  a f t e r  a f a t t y  

m e a l ,  and d i s a p p e a r  i n  s i x  t o  t e n  ho u r s  ( Y o f f e y  & 

C o u r t i  c e ,  1 9 7 0 )  .

7 )  Combi ned i n f e c t i o n

T h i s  i s  a t e c h n i q u e  wh i c h  we m o d i f i e d  d u r i n g  o ur  

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

i n j e c t i o n  o f  a dye (3% P o n t a mi n e  Sky b l u e )  8 -  10

m i n u t e s  b e f o r e  t h e  a n i m a l  was k i l l e d .  D u r i n g  t h i s

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

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

v e s s e l s .  Then t h e  a n i m a l  was d i s s e c t e d  and t h e  b l o o d  

was washed out  of  t h e  c i r c u l a t i o n  by v a s c u l a r  p e r f u s i o n  

w i t h  s a l i n e .  L y m p h a t i c s  r e t a i n e d  t h e  b l u e  dye and 

c o u l d  be seen unde r  t h e  d i s s e c t i n g  m i c r o s c o p e  by 

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

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

o r g a n  or  t i s s u e ,  a second i n j e c t i o n  was t h e n  made.  

T h i s  i n v o l v e d  a l o c a l  i n j e c t i o n  o f  i n d i a  i n k  i n t o  

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

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

n e e d l e .  The a d v a n t a g e  of  t h i s  " c o mb i n e d "  t e c h n i q u e  o f  

i n j e c t i o n s  i s  t h a t  t h e  f i r s t  i n t r a v e n o u s  i n j e c t i o n  w i l l  

a c t  as a g u i d e  f o r  t h e  second d i r e c t  i n j e c t i o n ,  and 

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

The use o f  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  t h e  dye  

i n s t e a d  o f  t h e  i n t r a v e n o u s  o n e ,  and t h e  s u b s e q u e n t  

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

t h e  d i a p h r a g m or  i t s  d r a i n i n g  l ymph n o d e s ,  p r o v e d  t o  be 

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

r e g i o n a l  l ymph d r a i n a g e  o f  t h e  d i a p h r a g m ,  as w i l l  be 

shown l a t e r .
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CHAPTER I I  

THE THYMIC HAEMOLYMPH NODES



i n t r o d u c t i o n

Over  one hundr e d  y e a r s  ago i n  1884  a s t r u c t u r e  wh i ch

r e s e mb l e d  a l ymph n o d e ,  bu t  wh i ch  had b l o o d  r a t h e r  t h a n

lymph i n  i t s  s i n u s e s ,  was d e s c r i b e d  by G i b b e s .  He f ound  

t h e s e  s t r u c t u r e s ,  whi ch  wer e  p r o b a b l y  haemol ymph n o d e s ,  i n

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

b l o o d  v e s s e l s .  S i n c e  t h e n ,  many w o r k e r s  have  r e p o r t e d  t h e  

p r e s e n c e  o f  t h e s e  nodes i n  human s u b j e c t s  ( R o b e r t s o n ,  1 8 9 0 ;  

W a r t h i n ,  1 9 0 1 ;  J o r d a n ,  1 9 2 6 )  and i n  d i f f e r e n t  a n i m a l  

s p e c i e s  such as r a t s ,  m i c e ,  g u i n e a  p i g s ,  g o a t s ,  c a t t l e  and 

sheep ( R o b e r t s o n ,  1 8 9 0 ;  C l a r k s o n ,  1 8 9 1 ;  V i n c e n t  8 H a r r i s o n ,  

1 8 9 7 ;  Drummond,  1 9 0 0 ;  L e w i s ,  1 9 0 2 ;  W h i t e ,  1 9 0 4 ;  M a c M i l l a n ,  

1 9 2 8 ;  W e l l e r ,  1 9 3 8 ;  S e l y e  & S c h e n k e r ,  1 9 3 9 ;  An d r e a s e n  & 

G o t t l i e b ,  1 9 4 6 ;  E r e n c i n ,  1 9 4 8 ) .  The t e r m " haemol ymph  

nodes"  was f i r s t  i n t r o d u c e d  by R o b e r t s o n  i n  1 8 9 0 .

S i n c e  t h e  b e g i n n i n g  o f  t h i s  c e n t u r y  w i d e l y  d i v e r g e n t  

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

t h e  haemol ymph n o d e s .  I n  t h e  l i t e r a t u r e  t h e r e  a r e  

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

t h e s e  haemol ymph nodes and t h e  l y m p h a t i c  s y s t e m .  Some o f  

t h e  a p p a r e n t  c o n t r a d i c t i o n s  a r e  p r o b a b l y  due t o  s p e c i e s  

d i f f e r e n c e s ,  bu t  even w i t h i n  a s i n g l e  s p e c i e s  t h e r e  a r e  

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

t h e  c o n s i s t e n c y  w i t h  whi ch  t h e y  o c c u r .  To a v o i d  t h e  

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

c o n c e r n i n g  t h e  haemol ymph nodes o f  t h e  r a t  w i l l  be r e v i e w e d  

i n d e t a i l  h e r e .
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The c e n t r a l  p r o b l e ms  whi ch  have  a r i s e n  d u r i n g  t h e  

s t u d y  o f  t h e  haemol ymph node a r e :

1)  t h e  u l t i m a t e  o r i g i n  o f  t h e  e r y t h r o c y t e s  wh i ch  a r e  

f ound i n  t h e  s i n u s e s  o f  t h e  node ;

2)  t h e  r o u t e  by whi ch  t h e s e  e r y t h r o c y t e s  e n t e r  t h e  

s i n u s e s ;  and

3)  t h e  p a r t  p l a y e d ,  i f  a n y ,  by a f f e r e n t  l y m p h a t i c s  i n  t h e  

f u n c t i o n a l  anat omy o f  t h e  n o d e .

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

nodes o f  t h e  r a t ,  was r e p o r t e d  by some a u t h o r s  ( M a c M i l l a n ,  

1 9 2 8 ;  An d r e a s e n  & G o t t l i e b ,  1 9 4 6 ;  Nop a j a r o o n s r i  e t  a l . ,  

1 9 7 4 ) ,  b u t  d e n i e d  by o t h e r s  ( T u r n e r ,  1 9 6 9 ;  Ol ah & T o r o ,  

1 9 7 0 ) .  The r o u t e  by whi ch e r y t h r o c y t e s  e n t e r  t h e  lymph 

s i n u s e s  has a l s o  been d i s p u t e d  ( M a c M i l l a n ,  1 9 2 8 ;  A n d r e a s e n  

& G o t t l i e b ,  1 9 4 6 ;  T u r n e r ,  1 9 6 9 ;  Ol ah & T o r o ,  1 9 7 0 ;  

N o p a j a r o o n s r i  e t  a l . ,  1 9 7 4 ) .  These  d i f f e r i n g  v i e ws  can 

b e s t  be summar i sed by r e f e r e n c e  t o  t h e  work o f  v a r i o u s  

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

M a c M i l l a n  ( 1 9 2 8 )  r e p o r t e d  t h e  p r e s e n c e  o f  red or  

p i n k i s h  nodes i n  t h r e e  l o c a t i o n s  i n  t h e  r a t :  d o r s a l  and

m e d i a l  t o  each k i d n e y ;  n e a r  t h e  p a n c r e a s ;  and a t  t h e  apex  

of  t h e  p l e u r a l  c a v i t i e s  l y i n g  v e r y  c l o s e  t o  t h e  t hymus  

g l a n d .  He was a b l e  t o  f i n d  b o t h  a f f e r e n t  and e f f e r e n t  

l y m p h a t i c s  i n  t h e s e  haemol ymph n o d e s .  He s u g g e s t e d  t h a t  

b l o o d  c o u l d  e n t e r  t h e  s i n u s e s  o f  t h e s e  nodes f r om t h r e e  

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

n ode ,  b)  h a e mo r r h a g e  i n  t h e  d r a i n a g e  t e r r i t o r y  o f  a f f e r e n t  

l y m p h a t i c s ,  and c) e r y t h r o p o i e s i s  i n  t h e  n o d e .  A c c o r d i n g
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t o  h i s  r e s u l t s ,  he e x c l u d e d  t h e  f i r s t  and t h i r d  

p o s s i b i l i t i e s ,  bu t  y e t  c o u l d  not  e s t a b l i s h  t h e  s o u r c e  o f  

e r y t h r o c y t e s  f ound  i n  t h e s e  n o d e s .

S e l y e  and F o g l i a  ( 1 9 3 9 )  a l s o  s t u d i e d  t h e  r e n a l ,  

" p a n c r e a t i c "  and t h y m i c  haemol ymph nodes i n  r a t ,  b u t  d e n i e d  

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

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

s t o r i n g  macr opha ges  whi ch  ga ve  t h e  nodes a c h a r a c t e r i s t i c  

r e d d i s h - b r o w n  c o l o u r .  T h e r e f o r e ,  t h e y  s u g g e s t e d  t h e  t e r m  

" i r o n - p i g m e n t "  l ymph n o d e s .  F u r t h e r m o r e ,  t h e y  showed t h a t  

such " i r o n - p i g m e n t "  nodes can be p r o d u c e d  e x p e r i m e n t a l l y  by  

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

t r i g g e r i n g  an " a l a r m  r e a c t i o n " ,  e . g .  e x c e s s i v e  m u s c u l a r  

e x e r c i s e ,  e x p o s u r e  t o  c o l d ,  and i n j e c t i o n  o f  l a r g e  doses  o f  

f o r m a l d e h y d e .  Under  t h e s e  c o n d i t i o n s ,  o r d i n a r y  l ymph nodes  

may be t r a n s f o r m e d  i n t o  " i r o n - p i g m e n t "  nodes w i t h i n  a few 

h o u r s ,  and on m i c r o s c o p i c  e x a m i n a t i o n  t h e i r  s i n u s e s  wer e  

seen t o  be f u l l  o f  e r y t h r o c y t e s .  These  changes  wer e

t e m p o r a r y ,  as e r y t h r o p h a g o c y t o s i s  soon began and

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

d a y s .  Howe ve r ,  S e l y e  and F o g l i a  ( 1 9 3 9 )  wer e  u n a b l e  t o  

d e s c r i b e  t h e  mechani sm whi ch  l e a d s  t o  t h i s  t r a n s f o r m a t i o n ,  

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

and e n t e r  t h e  lymph n o d e s .  A l s o ,  t h e y  d i d  no t  e x p l a i n  t h e  

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

haemol ymph nodes or  " i r o n - p i g m e n t "  nodes as t h e y  p r e f e r r e d  

t o  c a l l  t h e m.  I n  a s e p a r a t e  p a p e r ,  S e l y e  and S c h e n k e r
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( 1 9 3 9 )  f u r t h e r  o b s e r v e d  t h a t  i n  young r a t s  ( 6  weeks o l d )  

r e n a l ,  p a n c r e a t i c  and t h y m i c  nodes wer e  not  o f  t h e  " i r o n -  

p i g m e n t "  t y p e ,  wh e r e a s  i n  a d u l t  a n i m a l s  t h e s e  nodes  

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

whi ch d r a i n  i n t o  t h e s e  nodes mi g h t  p l a y  a r o l e  i n  c h a n g i n g  

t h e i r  n a t u r e ,  as age a d v a n c e s .  By t e s t i n g  t h i s  h y p o t h e s i s  

i n  t h e  case  o f  t h e  r e n a l  n o d e ,  t h e y  showed t h a t  t h e i r  

c h a r a c t e r i s t i c  a p p e a r a n c e  was d e p e n d e n t  on t h e  p r e s e n c e  o f  

an i n t a c t  k i d n e y  and t h a t  n e p h r e c t o m y  l ed  t o  t h e  

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

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

i n  young r a t s ,  i t  p r e v e n t e d  t h e  r e n a l  node f r om b e c omi ng  an 

" i r o n - p i g m e n t "  n o d e .  Ho we v e r ,  t h e  e x a c t  r o l e  p l a y e d  by t h e  

k i d n e y  i n  c h a n g i n g  t h e  r e n a l  node i n t o  a haemol ymph t y p e  

and t h e n  m a i n t a i n i n g  t h i s  c h a r a c t e r  a f t e r w a r d s  was not  

desc r i b e d .

An d r e a s e n  and G o t t l i e b  ( 1 9 4 6 )  c a r r i e d  out  an 

e x t e n s i v e  i n v e s t i g a t i o n  o f  t h e  haemol ymph nodes i n  300  

a l b i n o  r a t s .  They e xa mi ned  t h e  r e n a l ,  s p l e n i c ,  and t h y m i c  

l ymph nodes and s p e c i f i c a l l y  d e n i e d  t h a t  t h e  l a s t  two  

g r oups  were o f  t h e  haemol ymph v a r i e t y ,  w h i c h ,  t h e r e f o r e ,  

l i m i t e d  t h e i r  s t u d i e s  t o  t h e  r e n a l  haemol ymph n o d e s .  They  

r e g a r d e d  them as t y p i c a l  l ymph nodes w i t h  b o t h  a f f e r e n t  and 

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

o f  e r y t h r o c y t e s  i n  t h e  s i n u s e s .  They a l s o  f ound  t h a t  t h e i r  

haemol ymph c h a r a c t e r  does not  a p p e a r  u n t i l  t h e  second h a l f  

o f  t h e  f i r s t  month o f  l i f e .  B e f o r e  t h i s  a g e ,  t h e y  do no t  

d i f f e r ,  m a c r o s c o p i c a l l y  and m i c r o s c o p i c a l l y ,  f r om o r d i n a r y
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no d e s .  They a t t r i b u t e d  t h e  o r i g i n  o f  t h e  e r y t h r o c y t e s  i n  

t h e  haemol ymph nodes t o  r e f l u x  o f  b l o o d  f r om t h e  e f f e r e n t  

l y m p h a t i c ,  wh i ch  Job ( 1 9 1 5 ,  1 9 1 8 )  had d e s c r i b e d  as

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

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

l a t e r a l  r e n a l  haemol ymph node l o s t  i t s  red c o l o u r .  T h e i r  

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

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

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

I n  1 9 6 9 ,  T u r n e r  d e s c r i b e d  t h e  v a s c u l a r  a r c h i t e c t u r e  

o f  t h e  " h a e m a l "  node i n  t h e  r a t .  He e x a mi n e d  r e n a l ,  

" p a n c r e a t i c "  or  s p l e n i c ,  and t h y m i c  nodes o f  young r a t s  by  

l i g h t  and e l e c t r o n  m i c r o s c o p y .  I n  o r d e r  t o  d e t e r m i n e  t h e  

r o u t e  o f  e n t r y  o f  e r y t h r o c y t e s  i n t o  t h e s e  n o d e s ,  he 

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

t h e  s p l e n i c  v e i n ,  t h e  t i s s u e s  a r ound  t h e  haemol ymph node  

and t h e  t a i l  v e i n .  Hi s  o b s e r v a t i o n s  and c o n c l u s i o n s  a r e  

summar i sed as f o l l o w s : -

1)  M i c r o s c o p i c  e x a m i n a t i o n  o f  t h e s e  nodes showed two  

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

composed o f  n a r r o w  c o r d s  o f  l y mp h o i d  c e l l s  w i t h  l a r g e  

i n t e r v e n i n g  s i n u s e s ,  and a n o n - s i n u s o i d  a I a r e a  made up 

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

2)  The n o d a l  s i n u s o i d s  ( o r  s i n u s e s  as t h e y  a r e  now c a l l e d )  

c o n t a i n e d  on_ly bJ.ood.  No l y m p h - f i l l e d  s i n u s o i d s  wer e  

o b s e r v e d ;  t h u s  T u r n e r  p r e f e r r e d  t o  c a l l  t hem " h a e m a l "  

n o d e s .
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The nodes were  v e r y  v a s c u l a r  and some c a p i l l a r y  b l o o d  

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

s i n u s o i d s .  The b l o o d  v e s s e l s  e n t e r e d  and l e f t  t h e  node  

a t  t h e  h i l u m .  A n o t h e r  t h i n - w a l l e d  v e s s e l ,  r e s e m b l i n g  

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

t o  p r e v e n t  r e f l u x  back i n t o  t h e  n o d e ,  was o b s e r v e d  

h e r e .  V e s s e l s  r e s e m b l i n g  a f f e r e n t  l y m p h a t i c s  wer e  no t  

seen i n  any o f  t h e  nodes e x a m i n e d .

Car bon s u s p e n s i o n  i n j e c t e d  i n t o  t h e  a o r t a  and s p l e n i c  

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

d i d  not  e n t e r  t h e  s u b c a p s u l a r  s i n u s ,  t h e  s i n u s o i d s  o r  

t h e  e f f e r e n t  l y m p h a t i c .  S i m i l a r l y  no c a r b o n  was 

o b s e r v e d  i n t h e  s i n u s o i d a l  s ys t e m when i n j e c t e d  i n t o  

t h e  t i s s u e s  ar ound t h e  s p l e n i c  " h a e m a l "  n o d e s .

When a d i l u t e  s u s p e n s i o n  o f  c a r b o n  was i n j e c t e d  i n t o  

t h e  t a i l  v e i n ,  c a r b o n  p a r t i c l e s  wer e  d e t e c t e d  w i t h i n  

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

C10 m i n u t e s ) .  "Thus  i s  woul d  a p p e a r  t h a t  when a l e s s  

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

t h e  haemal  node some o f  t h e  s u s p e n s i o n  p a s s e s  i n t o  t h e  

s i n u s o i d a l  s y s t e m ,  wher e  i t  i s  t a k e n  by t h e  

mac r o p h a g e s " .

T u r n e r  ( 1 9 6 9 )  d e s c r i b e d  t wo d i f f e r e n t  t y p e s  o f  b l o o d -  

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

" h a e ma l "  node:  A " f a s t "  c i r c u l a t i o n  t h r o u g h  t h e

a r t e r i o l e s ,  c a p i l l a r i e s  and v e n u l e s  ( a  c l o s e d  b l o o d  

c i r c u l a t i o n  such as e x i s t s  i n  t y p i c a l  l ymph n o d e s ) ;  and 

a " s l o w "  c i r c u l a t i o n  t h r o u g h  t h e  t o r t u o u s  s i n u s o i d s .



T h u s ,  T u r n e r  ( 1 9 6 9 )  b e l i e v e d  t h a t  b l o o d  c a p i l l a r i e s  

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

t h e m,  and t h a t  a s e l e c t i v e  mechani sm o p e r a t e d  t o  d i r e c t  

a s m a l l  amount  o f  b l o o d  i n t o  t h e  s i n u s o i d s  wher e  i t  i s  

t a k e n  up by t h e  m a c r o p h a g e s .  H o w e v e r ,  he c o u l d  no t

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

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

Ol ah and Tor o  ( 1 9 7 0 )  s t u d i e d  t h e  a na t omy

o f  haemol ymph nodes i n  mal e  a l b i n o  r a t s  i n  s e m i t h i n  and

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

l a r g e  number  o f  e r y t h r o c y t e s  wer e  f ound  l y i n g  f r e e l y  i n  t h e

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

were m o s t l y  a t t a c h e d  t o  or  e n g u l f e d  by m a c r o p h a g e s .  A l l

s t a g e s  o f  e r y t h r o p h a g o c y t o s i s  wer e  o b s e r v e d  i n  t h e s e

macr ophages  and r e mnant s  o f  red b l o o d  c o r p u s c l e s  wer e

p r e s e n t  i n  t h e m.  Ol ah and To r o  ( 1 9 7 0 )  d e n i e d  t h e  e x i s t e n c e

of  a d i r e c t  c o mmu n i c a t i o n  b e t we e n  t h e  b l o o d  c i r c u l a t i o n  and

lymph s i n u s e s ,  as a f t e r  v a s c u l a r  p e r f u s i o n ,  b l o o d  v e s s e l s

were empt y i n  s h a r p  c o n t r a s t  t o  t h e  s i n u s e s  whi ch  r e t a i n e d  
\

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

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

l y mp h o c y t e s  were o b s e r v e d  b e t we e n  t h e  e n d o t h e l i a l  c e l l s  and 

be t wee n  t h e  e n d o t h e l i u m  and t h e  ba se me nt  membr ane .  Ol ah  

and Tor o  ( 1 9 7 0 )  s u g g e s t e d  t h a t  t h e  d i r e c t i o n  o f  m i g r a t i o n  

o f  l y m p h o c y t e s ,  and p r o b a b l y  e r y t h r o c y t e s ,  was f r om b l o o d  

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

f r e e  e r y t h r o c y t e s  were a l s o  seen i n  t h e  l y m p h a t i c  t i s s u e s
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ar ound b l o o d  v e s s e l s .

By t h e  use o f  combi ned o p t i c a l ,  t r a n s m i s s i o n  and 

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  N o p a j a r o o n s r i  e t  a l .  ( 1 9 7 4 )  

s t u d i e d  t h e  u 1 1 r a s t r u e t u r e  o f  haemol ymph nodes  i n  t h e  a d u l t  

mal e W i s t a r  r a t s .  They e x a mi n e d  haemol ymph nodes l y i n g  

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

of  t h e  head o f  t h e  p a n c r e a s ,  and t h e  i n f e r i o r  a s p e c t  o f  t h e  

t h y mu s ,  i n  p e r f u s e d  and u n p e r f u s e d  a n i m a l s .  C o l l o i d a l  

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

or  i n t r a v e n o u s l y  was e mpl oye d  t o  d e t e r m i n e  t h e  l y m p h a t i c  

and b l o o d - v a s c u I  ar  c o n n e c t i o n s  o f  t h e  haemol ymph n o d e .  

T h e i r  r e s u l t s  and c o n c l u s i o n s  a r e  s ummar i s ed  i n  t h e  

f o l l o w i n g  p o i n t s : -

1)  S t r u c t u r a l l y ,  t h e  haemol ymph node r e s e m b l e d  a n o r ma l  

l ymph node;  i t  was composed o f  l y mp h o i d  p a r enc hy ma  

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

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

and f or med a c o n t i n u o u s  c h a n n e l .  The l i n i n g  o f  t h e  

c h a n n e l s  l a c k e d  a w e l l - d e f i n e d  ba se me nt  membr ane ,  and 

gaps were p r e s e n t  b e t we e n  t h e  e n d o t h e l i a l  c e l l s .  

Lymphocyt es  and macr ophages  wer e  o f t e n  seen i n  t h e s e  

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

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

mast  c e l l s .  The s i n u s o i d a l  ma c r opha ge s  t r a p p e d  

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

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

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

mac r o p h a g e s .
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2)  A f f e r e n t  and e f f e r e n t  l y m p h a t i c s  wer e  f ound  i n  t h e

haemol ymph n o d e ,  but  N o p a j a r o o n s r i  saw 2 Q i Z  3 " l £ w "

a f f e r e n t  l ymph v e s s e l s ,  whose o r i g i n  he d i d  no t  

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

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

v e r y  f ew i n  t h e  e f f e r e n t  l ymph v e s s e l s .

3)  The v a s c u l a r  a r c h i t e c t u r e  o f  t h e  haemol ymph node was 

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

f o r m e r  was v e r y  v a s c u l a r  and had c a p i l l a r i e s  w i t h  

a t t e n u a t e d  ba seme nt  membrane and low e n d o t h e l i a l  c e l l s .  

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

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

basement  membrane f or med t h e  o n l y  p a r t i t i o n  b e t w e e n  t h e  

two w a l l s .  E r y t h r o c y t e s  were  o b s e r v e d  i n  t r a n s i t  

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

v e n u l e .

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

d i d  no t  a p p e a r  i n  t h e  l y m p h a t i c  s i n u s e s ,  s howi ng  t h e  

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

b l o o d  v e s s e l s  and t h e  s i n u s e s  wh i ch  had been c l a i m e d  by  

T u r n e r  ( 1 9 6 9 ) .  H o we v e r ,  when i n j e c t e d  i n t r a v e n o u s l y ,  

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

as e a r l y  as one m i n u t e ;  most  o f  t h e s e  p a r t i c l e s  wer e  

d e p o s i t e d  i n t h e  d e e p e r  s i n u s e s  and v e r y  f ew i n  t h e  

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

f i n d i n g  o f  e r y t h r o c y t e s  i n  c o n j u n c t i o n  w i t h  c a r b o n  

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

54



c a p i l l a r y  v e n u l e s ,  l ed  N o p a j a r o o n s r i  t o  b e l i e v e  t h a t  

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

haemol ymph node by a s i m i l a r  r o u t e ,  i . e .  i n t r a - n o d a l  

d i a p e d e s i s .

I n  r e c e n t  y e a r s ,  S c o t h o r n e  and h i s  a s s o c i a t e s  ( f o r

r e f e r e n c e s  see b e l o w)  s t u d i e d  t h e  s t r u c t u r e  and d r a i n a g e  

p a t t e r n s  o f  b o t h  r e n a l  and s p l e n i c  haemol ymph nodes i n  t h e  

Swi ss  a l b i n o  r a t .  T h e i r  i n v e s t i g a t i o n s ,  u s i n g  advanced  

me t h o d s ,  seem t o  r e s o l v e  t h e  l ong s t a n d i n g  c o n t r o v e r s y

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

They f ound t h a t  bo t h  t h e  r e n a l  haemol ymph nodes ( Ka z e e m,  

Rei d & S c o t h o r n e ,  1 9 8 2 ;  Kazeem & S c o t h o r n e ,  1 9 8 2 ;  Hogg,

Rei d & S c o t h o r n e ,  1 9 8 2 ;  P e a r c e ,  Re i d  8 S c o t h o r n e ,  1 9 8 3 ) ;

and t h e  s p l e n i c  haemol ymph nodes ( A b b a s ,  Rei d 8 S c o t h o r n e ,  

1 9 8 3 )  r e c e i v e  t h e i r  e r y t h r o c y t i c  c o n t e n t  f r om a f f e r e n t  

l y m p h a t i c s ,  d r a i n i n g  f r om t h e  k i d n e y  and t h e  s p l e e n  

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

i n t r i n s i c  l y m p h a t i c s  o f  bo t h  or ga ns  by d i a p e d e s i s  t h r o u g h  

c a p i l l a r i e s  and v e i n s  w i t h  whi ch t h e y  were  f r e q u e n t l y  i n  

i n t i m a t e  c o n t a c t .

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

haemol ymph nodes i s ,  more or  l e s s ,  i d e n t i c a l .  The o n l y  

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

no d e ,  w i t h  r a r e  o r  a b s e n t  g e r m i n a l  c e n t r e s ,  w h i l e  t h e  

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

some g e r m i n a l  c e n t r e s .  The s t r u c t u r e  o f  t h e  haemolymph  

node a p p e a r s  t o  be e s s e n t i a l l y  s i m i l a r  t o  t h a t  o f  an 

o r d i n a r y  ( t y p i c a l )  lymph n ode .  T h u s ,  a haemol ymph node has
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a f f e r e n t  and e f f e r e n t  l ymph v e s s e l s ,  l y m p h a t i c  s i n u s e s  and

l ymphoi d  pa r enchyma  d i v i s i b l e  i n t o  c o r t e x  and m e d u l l a .

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

were r e c o g n i z e d  i n  t h e  m a j o r i t y  o f  t h e  n o d e s .  V a r i a b l e  

numbers o f  f r e e  e r y t h r o c y t e s  were f ound i n  t h e  a f f e r e n t  

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

( 1 9 7 4 ) .  L a r g e  numbers o f  f r e e  e r y t h r o c y t e s  were p r e s e n t  i n  

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

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

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

a t t a c h e d  t o  macr ophages  f o r m i n g  c h a r a c t e r i s t i c  r o s e t t e s .  

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

u n i f o r m  i n  most  o f  t h e  n o d e s .  Ho we v e r ,  not  uncommonl y some 

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

i . e .  m a c r o p h a g e - e r y t h r o c y t e  r o s e t t e s  were  a bunda nt  at  one 

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

same n o d e .  T h i s  p o l a r i s e d  d i s t r i b u t i o n  o f  r o s e t t e s  was

i n t e r p r e t e d  as an i n d i c a t o r  o f  e r y t h r o c y t e s  e n t e r e d  t h e

haemol ymph node p r i n c i p a l l y  i n  t h e  a f f e r e n t  l ymph whi ch

a r r i v e d  f r om t h e  o r g a n s  whi ch t h e y  d r a i n ,  i . e .  t h e  k i d n e y  

and s p l e e n .

The e f f e r e n t  l ymph f r om t h e  r e n a l  and s p l e n i c  

haemol ymph nodes d r a i n e d  i n t o  t h e  c i s t e r n a  c h y l i .  

L y m p h a t i c o - v e n o u s  c o mmu n i c a t i o n s  b e t we e n  t h e  e f f e r e n t  

l y m p h a t i c s  and r e n a l  or  s p l e n i c  v e i n s  were  no t  s e e n .

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

c o n t a i n e d  s t a i n e d  p r e c i p i t a t e  o f  l ymph p r o t e i n ,  whi ch was
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not  washed or  d i l u t e d  a f t e r  v a s c u l a r  p e r f u s i o n ,  even i n  t h e  

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

d i r e c t  i n t r a - n o d a l  c o m m u n i c a t i o n  b e t we e n  t h e  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 u s e s ,  does not  e x i s t .

I n  o r d e r  t o  t e s t  t h e  h y p o t h e s i s  o f  e x t r i n s i c  o r i g i n  

( v i a  a f f e r e n t  l ymph)  o f  s i n u s  e r y t h r o c y t e s  seen i n  

haemol ymph n o d e s ,  P e a r c e ,  Re i d  and S c o t h o r n e  ( 1 9 8 3 )  

t r a n s p l a n t e d  t h e  f a c i a l  l ymph n o d e ,  whi ch  i s  a t y p i c a l  

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

of  an a d u l t  r e c i p i e n t .  G r a f t s  were  r e c o v e r e d  at  5 and 10 

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

s e m i t h i n  s e c t i o n s .  The g r a f t e d  node was f ound t o  c o n s i s t  

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

g e r m i n a l  c e n t r e s  and s u r r o u n d e d  by a w e l l - d e v e l o p e d  

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

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

k i d n e y .  The m e d u l l a  was p o o r l y  d e v e l o p e d .  G r a f t s  were  

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

r e n a l  c o r t e x .  The most  s t r i k i n g  f i n d i n g  was t h e  p r e s e n c e  

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

s u b c a p s u l a r  s i n u s .  T h u s ,  P e a r c e ,  Rei d and S c o t h o r n e  ( 1 9 8 3 )  

c o n c l u d e d  t h a t  a " t y p i c a l "  l ymph node such as t h e  f a c i a l  

node may be c o n v e r t e d  i n t o  a haemol ymph node by g r a f t i n g  i t  

t o  a s i t e ,  such as t h e  k i d n e y  c a p s u l e ,  i n  whi ch t h e  

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

These  f i n d i n g s  o f  S c o t h o r n e  and h i s  a s s o c i a t e s  were  

c l e a r l y  d i f f e r e n t  f r om t h o s e  o f  T u r n e r  ( 1 9 6 9 )  and 

N o p a j a r o o n s r i  e t  a l .  ( 1 9 7 4 ) .  I n  t h e  case  o f  t h e  r e n a l  and
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s p l e n i c  haemol ymph n o d e s ,  i t  has now been c l e a r l y  

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

l y m p h - b o r n e ,  e n t e r i n g  t h e  node v i a  r e n a l  and s p l e n i c  l ymph ,  

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

p o s s i b i l i t y  o f  an e x t r a - n o d a l  o r i g i n  o f  t h e  e r y t h r o c y t e s ,  

f ound  i n  t h e  s i n u s e s  o f  t h e  t h y m i c  haemol ymph n o d e s .

The o r g a n s  whi ch c o u l d  be t h e  p r o s p e c t i v e  s i t e s  of  

o r i g i n  o f  a f f e r e n t  l y m p h a t i c s  ( and hence o f  e r y t h r o c y t e s )  

t o  t h e  t h y mi c  haemol ymph node g r oup  a r e :  d i a p h r a g m ,  t hymus  

g l a n d ,  h e a r t  and l u n g s .  The e x i s t i n g  l i t e r a t u r e  was 

c a r e f u l l y  exa mi ned  f o r  r e p o r t s  on t h e  lymph d r a i n a g e  o f  

t h e s e  o r g a n s  and t h e  a f f e r e n t  and e f f e r e n t  l ymph d r a i n a g e  

o f  t h e  t h y mi c  n o d e s .

E a r l y  a u t h o r s  l i k e  Job ( 1 9 1 5 ,  1 9 1 8 ) ;  H i g g i n s  ( 1 9 2 5 )

and l a t e r  Green ( 1 9 3 5 ,  1 95 9 )  were  f i r s t  t o  d e s c r i b e  t h e

anat omy o f  t h e  l y m p h a t i c  sys t em i n  t h e  common r a t .  They  

i n j e c t e d  v a r i o u s  dyes ( I n d i a  i n k ,  s o l u b l e  b l u e  and B e r l i n  

b l u e )  i n t o  t h e  s k i n ,  d i f f e r e n t  g r o u p s  o f  l ymph nodes and 

i n t o  v i s c e r a .  They r e c o g n i s e d  a g r oup  o f  v e r y  s m a l l  l ymph 

nodes s i t u a t e d  v e n t r a l  t o  l a r g e  v a s c u l a r  v e s s e l s  and 

a n t e r i o r  t o  t h e  h e a r t .  Each node was s p h e r i c a l  i n shape  

and measur ed a p p r o x i m a t e l y  1mm i n  d i a m e t e r .  For  

d e s c r i p t i v e  p u r p o s e s  t h e y  r e f e r r e d  t o  t h i s  gr oup  as t h e  

" t h o r a c i c  n o d e s " .  H i g g i n s  ( 1 9 2 5 ) ,  who s t u d i e d  t h e  

l y m p h a t i c  sys t em o f  t h e  newbor n r a t ,  f ound  t h a t  t h e  

p o s t e r i o r  g r oup  o f  t h e s e  nodes r e c e i v e s  a f f e r e n t  lymph 

c h a n n e l s  f r om l ungs  and p l e u r a l  c a v i t y ;  and t h e  a n t e r i o r
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g r oup  r e c e i v e s  s m a l l  l ymph c a p i l l a r i e s  f r om t h e  s t e r n u m .  

Bot h g r o u p s  were c o n n e c t e d  by s m a l l  l ymph c a p i l l a r i e s ,  and 

a s i n g l e  e f f e r e n t  c h a n n e l  f r om t h e  more a n t e r i o r  node

communi c a t e s  w i t h  t h e  venous  s y s t e m .  H a r r i s  and T e m p l e t o n

( 1 9 6 8 )  me n t i o n e d  t h a t  t h e  i n f e r i o r  t h y m i c  n o d e ,  l y i n g

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

t h e  l y m p h a t i c  d r a i n a g e  o f  t h e  t hymus g l a n d .  M o r e o v e r ,  t h e y  

o b s e r v e d  t h a t  a s p e c i f i c  p a r t  o f  i t  a p p e a r s  t o  be r e s e r v e d  

f o r  t h y mi c  d r a i n a g e .  From t h e  l o we r  p a r t  o f  t h i s  n o d e ,  t h e  

main m e d i a s t i n a l  l ymph t r u n k  l e a v e s  t o  j o i n  t h e  g r e a t  v e i n s  

at  t h e  r o o t  o f  t h e  n e c k .

D u r i n g  t h e  l a s t  100 y e a r s ,  many i n v e s t i g a t o r s  have  

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

main lymph d r a i n a g e  p a t h wa y  f r om t h e  p e r i t o n e a l  c a v i t y  t o  

t h e  " m e d i a s t i n a l "  l ymph nodes ( w h i c h  i n c l u d e  t h e  t h y mi c  

nodes)  ( M u s c a t e l l o ,  1 8 9 5 ;  Dur ham,  1 8 9 7 ;  M a c C a l l u m ,  1 9 0 3 ;  

Buxt on & T o r r e y ,  1 9 0 6 ;  B o l t o n ,  1 9 2 1 ;  Cunn i ngham,  1 9 2 2 ;  

H i g g i n s  & Gr aham,  1 9 2 9 ;  A l l e n ,  1 9 3 6 ;  S i m e r ,  1 9 4 4 ;  C o u r t i c e  

& S t e i n b e c k ,  1 9 5 1 ;  S a l d e e n ,  1 9 6 3 ;  01 i n  8 S a l d e e n ,  1 9 6 4 ;

Whal ey  e t  a l .  1 9 7 2 ) .  A l l  t h e s e  a u t h o r s  f ound  t h a t  v a r i o u s  

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

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

a b s or be d  by l y m p h a t i c s  o f  t h e  d i a p h r a g m ,  and r e ac h  t h e  

m e d i a s t i n a l  l ymph n o d e s ,  s h o r t l y  a f t e r  t h e  i n j e c t i o n .  ( See  

C h a p t e r  I V ) .

T i l n e y  ( 1 9 7 1 ) ,  u s i n g  m u l t i p l e  i n j e c t i o n  t e c h n i q u e s ,  

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

d r a i n a g e  i n  t h e  a d u l t  r a t .  I t  i s  w o r t h w h i l e  t o  summar i se
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h i s  o b s e r v a t i o n s  i n t h e  f o l l o w i n g  p o i n t s : -

1)  The thymus g l a n d  l i e s  i n  t h e  a n t e r i o r  m e d i a s t i n u m ,  

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

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

m e d i a s t i n a l  node o n l y ;  no d r a i n a g e  t o  t h e  o p p o s i t e  

p o s t e r i o r  m e d i a s t i n a l  node was e v e r  o b s e r v e d .

2)  The p a r a t h y m i c '  l ymph nodes a r e  embedded i n  f a t  on t h e  

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

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

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

l a r g e  i n t e r n a l  t h o r a c i c  (mammary)  l ymph c h a n n e l s .  

These  c h a n n e l s  c o l l e c t  t h e  lymph f r om t h e  e x t e n s i v e  

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

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

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

a r e a .

3)  The p o s t e r i o r  m e d i a s t i n a l  nodes l i e  a d j a c e n t  t o  t h e

oe sophagus  on t h e  r i g h t ,  and t o  t h e  l e f t  s u p e r i o r  vena  

cava  on t h e  l e f t  ( n o t e  t h a t  i n  t h e  r a t  t h e r e  a r e  2 

s u p e r i o r  venae  c a v a e ,  one on each s i d e ) .  The r i g h t  

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

space and l u n g ,  t h e  base  o f  t h e  h e a r t ,  and t h e  t h o r a c i c  

p o r t i o n  o f  t h e  o e s o p h a g u s .  The l e f t  node d r a i n s  t h e  

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

g l a n d .

4)  Sma l l  p a r a v e r t e b r a l  nodes a r e  p r e s e n t  i n c o n s t a n t l y

b e h i n d  t h e  p u l mo n a r y  v e s s e l s .  They r e c e i v e  mi nor
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p a r a v e r t e b r a l  l y m p h a t i c s  f r om t h e  d i a p h r a g m a t i c  p l e x u s ,  

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

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

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

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

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

c h a n n e l s  f r om t h e  t h o r a c i c  nodes o f  b o t h  s i d e s ,  empt y  

i n t o  t h e  dorsum o f  t h e  s u b c l a v i a n  v e i n s .  The d u c t s

f r om p a r a t h y m i c  and p o s t e r i o r  m e d i a s t i n a l  nodes may

emerge as a s i n g l e  c h a n n e l  or  e n t e r  t h e  v e i n  

s e p a r a t e l y .

T h u s ,  T i l n e y  ( 1 9 7 1 )  made a c l e a r  d i s t i n c t i o n  b e t we e n  

two g r o u p s  o f  m e d i a s t i n a l  l ymph nodes :  t h e  p a r a t h y m i c  lymph 

nodes ( a n t e r i o r  m e d i a s t i n a l )  whi ch a r e  embedded i n t h e  

t hy mus ;  and t h e  p o s t e r i o r  m e d i a s t i n a l  nodes whi ch  l i e  a t  a 

d e e p e r  p l a n e  i n  t h e  p a r a v e r t e b r a l  g u t t e r .  Ho we v e r ,  he d i d  

not  d e s c r i b e  t h e  p r e c i s e  t o p o g r a p h y  o f  t h e s e  node g r o u p s ,  

n o r ,  s u r p r i s i n g l y ,  does he m e n t i o n  t h e i r  m o t t l e d  r e d d i s h  

c o l o u r .

From t h i s  r e v i e w  i t  i s  c l e a r  t h a t  t h e r e  a r e  s t i l l  

d i s a g r e e m e n t s  r e g a r d i n g  t h e  s t r u c t u r e ,  n a t u r e  and d r a i n a g e  

p a t t e r n s  o f  t h e  lymph nodes f ound  i n  t h e  v i c i n i t y  o f  t h e  

t hymus g l a n d .  And,  s i n c e  most  o f  t h e  a u t h o r s  who s t u d i e d  

t h e  haemol ymph nodes i n  t h e  r a t  i n c l u d e d  t h e  t h y m i c  n o d e s ,  

i t  was t h e n  d e c i d e d  t o  u n d e r t a k e  a t h o r o u g h  i n v e s t i g a t i o n  

of  t h e  t h y mi c  haemol ymph nodes i n  t h e  Swi ss  a l b i n o  r a t ,  

w i t h  p a r t i c u l a r  r e f e r e n c e  t o  t h e  f o l l o w i n g  q u e s t i o n s : -
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( i )

( i i )  

( ■ H i )

( i v )

( v )

(v i)

Are a f f e r e n t  L y mp h a t i c s  t o  t h e  t h y m i c  nodes a b s e n t ,  

as c l a i m e d  by T u r n e r  ( 1 9 6 9 ) ,  o r  " f e w "  as c l a i m e d  by 

N o p a j a r o o n s r i  e t  a l .  ( 1 9 7 4 ) ?

I f  t h e y  a r e  p r e s e n t ,  what  i s  t h e i r  r e g i o n a l  o r i g i n ,  

and do t h e y  c o n t a i n  e r y t h r o c y t e s ?

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

w i t h i n  t h e  nodes?

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

t h e s e  nodes?

What  i s  t h e  mai n r o u t e  o f  e n t r y  o f  e r y t h r o c y t e s  i n t o  

t h e  n o d a l  s i n u s e s ?  I s  i t  " i n t r a - n o d a l ' '  by 

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

c a p i l l a r i e s  and p o s t - c a p i l l a r y  v e n u l e s  as c l a i m e d  by 

N o p a j a r o o n s r i  ( 1 9 7 4 ) ;  o r  i s  i t  " e x t r a - n o d a l "  v i a  t h e  

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

h i s assoc i a t e s ?

At what  age do s i n u s o i d a l  e r y t h r o c y t e s  a p p e a r  i n  t h e  

n o d e s ,  and what  i s  t h e  s i g n i f i c a n c e  o f  t h i s ?

62



M A T E R I A L S  AND M E T H O D S

A t o t a l  o f  75 Swi ss  a l b i n o  r a t s ,  o f  b o t h  sexe s  and 

w e i g h i n g  b e t we e n  5 -  2 5 0 g ,  were  used f o r  t h e s e  

i n v e s t i g a t i o n s .  T h e i r  age r anged f r om newbor n  t o  s i x  

mo n t h s .  The a n i m a l s  were  d i v i d e d  i n t o  s i x  e x p e r i m e n t a l  

g r o u p s  ( s e e  b e l o w ) .  The m a j o r i t y  o f  a n i m a l s  wer e  k i l l e d  

w i t h  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 ;  t h e  r e m a i n d e r  w i t h  

i n t r a v e n o u s  i n j e c t i o n  o f  N e m b u t a l .

1 . TOPOGRAPHICAL STUDY OF ThXMIC HAEMOLYMPH NODES I N SI TU  

I n  some o f  t h e  a d u l t  a n i m a l s  ( a  t o t a l  o f  33 r a t s )  t o  

be used f o r  s u b s e q u e n t  i n v e s t i g a t i o n s ,  a p r e l i m i n a r y  

e x a m i n a t i o n  o f  t h e  t h y mi c  haemol ymph nodes was made,  u s i n g  

t h e  u n a i d e d  eye and a s t e r e o s c o p i c  m i c r o s c o p e .  The number ,  

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

were n o t e d .

H .  REGIONAL ORI GI N OF AFFERENT LYMPH VESSELS

The f o l l o w i n g  two t e c h n i q u e s  were empl oyed t o  

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

n o d e s : -

T e c h n i g u e  A -  I V i n f e c t i o n  o f  g o n t a mi n e  sky b l u e *  f o l l o w e d  

by v a s c u l a r  p e r f u s j o n  

I n  18 a d u l t  r a t s ,  t h e  lymph v e s s e l s  o f  t h e  d i a p h r a g m ,  

t h y mu s ,  h e a r t  and l ung were d e m o n s t r a t e d  by t h i s  met hod .  

Each a n i m a l  r e c e i v e d  an i n j e c t i o n  o f  3% p o n t a mi n e  sky b l u e  

( 0 . 5 m l  p e r  100g o f  body w e i g h t )  i n t o  t h e  t a i l  v e i n .  Rat s  

were k i l l e d  8 - 1 0  m i n u t e s  a f t e r  t h e  i n j e c t i o n ;  d u r i n g  t h i s  

i n t e r v a l  t h e  dye d i f f u s e d  out  o f  t h e  b l o o d  c a p i l l a r i e s  i n t o
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t h e  i n t e r s t i t i a l  f l u i d  and was a b s o r b e d  by lymph

c a p i l l a r i e s .  T h i s  f a c i l i t a t e s  easy  r e c o g n i t i o n  o f  l ymph

v e s s e l s  and nodes ( T i l n e y ,  1 9 7 1 ) .  The r a t s  wer e  d i s s e c t e d  

and t h e  v a s c u l a r  sys t em was p e r f u s e d  v i a  t h e  l e f t

v e n t r i c l e ,  w i t h  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  l i g n o c a i n e  as 

a v a s o d i l a t o r ) .  D i a p h r a g m a t i c ,  t h y m i c ,  c a r d i a c  and h i l a r  

l y m p h a t i c s  and t h e i r  r e g i o n a l  l ymph nodes wer e  t h e n  s t u d i e d  

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

l e c h n i g u e  B -  D i r e c t  i n f e c t i o n s  o f  dye

Us i ng a 30G n e e d l e ,  i n d i a  i nk  or  p o n t a mi n e  sky b l u e  

was i n j e c t e d  i n t o  t h e  f o l l o w i n g  o r g a n s  ( a , b , c , d  b e l o w ) ,  

whi ch wer e  s u s p e c t e d  t o  be p o s s i b l e  s i t e s  o f  o r i g i n  o f  

a f f e r e n t  l y m p h a t i c s  t o  t h e  t h y mi c  haemol ymph n o d e s .  I n  

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

d i r e c t  i nk  i n j e c t i o n s ,  I V  i n j e c t i o n  o f  3% p o n t a mi n e  sky  

b l u e  f o l l o w e d  by v a s c u l a r  p e r f u s i o n  as d e s c r i b e d  in  

t e c h n i q u e  ( A ) .  T h i s  e n a b l e d  mappi ng o f  t h e  l y m p h a t i c s  i n  

each o r ga n  and made s u b s e q u e n t  d i r e c t  i n j e c t i o n s  much 

e a s i e r .

^IAPHRAGM -  6 a n i m a l s ,  each o f  whi ch r e c e i v e d  a s i n g l e  

i n t r a p e r i t o n e a l  ( I P )  i n j e c t i o n  o f  3% p o n t a mi n e  sky b l u e .  

The a n i m a l s  were  k i l l e d  a f ew mi n u t e s  l a t e r  by e t h e r  

o v e r d o s a g e  and t h e  a b d o mi n a l  c a v i t y  was opened by a m i d l i n e  

i n c i s i o n .  Car e  was t a k e n  not  t o  open t h e  t h o r a x ,  a t  t h i s  

s t a g e ,  and a l s o  t o  l e a v e  t h e  d i a p h r a g m i n t a c t .  The 

r e s i d u a l  dye l e f t  i n  t h e  p e r i t o n e a l  c a v i t y ,  was r i n s e d  away 

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

d i a p h r a g m w i t h  i t s  s u b p e r i t o n e a l  l y m p h a t i c  p l e x u s  l a b e l l e d
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w i t h  b l u e  d y e .  S e v e r a l  d i r e c t  i n j e c t i o n s  o f  m i n u t e  doses  

o f  d i l u t e d  i n d i a  i nk  ( 1 : 3 )  was i n t r o d u c e d  i n t o  

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

d i a p h r a g m .  A t o t a l  o f  19 i n j e c t i o n s  was made,  14 o f  whi ch  

were s u c c e s s f u l .  S h o r t l y  a f t e r w a r d s ,  t h e  t h o r a c i c  c a v i t y  

was opened and t h e  d e s t i n a t i o n  o f  l y m p h a t i c s  l e a v i n g  each  

p a r t  o f  t h e  d i a p h r a g m and i t s  r e g i o n a l  l ymph nodes were  

exa mi ned  un d e r  t h e  d i s s e c t i n g  m i c r o s c o p e .

b)  IHYNUS GLAND -  I n  s i x  r a t s ,  t h e  t hymus g l a n d  was 

d i r e c t l y  i n j e c t e d  w i t h  e i t h e r  3% p o n t a m i n e  sky b l u e  or  

f r e s h l y  p r e p a r e d  i n d i a  i nk  ( 1 : 3  d i l u t e d  w i t h  s a l i n e ) .  A 

t o t a l  o f  24 i n j e c t i o n s  was made i n t o  d i f f e r e n t  p a r t s  o f  t h e  

t hymus g l a n d ,  i n  an a t t e m p t  t o  d e m o n s t r a t e  t h e  r e g i o n a l  

l y m p h a t i c  d r a i n a g e  o f  t h e  g l a n d .  Some i n j e c t i o n s  were made 

j u s t  deep t o  t h e  c a p s u l e .

c) HEART -  D i l u t e d  i n d i a  i nk ( 1 : 3 )  was i n j e c t e d  un d e r  t h e  

p e r i c a r d i u m  o f  t h e  h e a r t  i n  f o u r  a n i m a l s .  A t o t a l  o f  16 

i n j e c t i o n s  was made i n t o  d i f f e r e n t  p a r t s  o f  t h e  h e a r t ,  11 

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

p l e x u s .

d) LUNG -  I n  f o u r  a n i m a l s ,  h i l a r  l y m p h a t i c s  o f  each l ung  

( l a b e l l e d  w i t h  p o n t a mi n e  sky b l u e )  was d i r e c t l y  i n j e c t e d  

w i t h  d i l u t e d  i n d i a  i nk  ( 1 : 3 )  g i v i n g  a t o t a l  o f  8 

i n j e c t i o n s ,  a l l  o f  whi ch were s u c c e s s f u l .

I H . EFFERENT DRAINAGE OF JHYMIC HAEMOLYMPH NODES

The e f f e r e n t  l y m p h a t i c s  o f  t h e  t h y mi c  haemol ymph  

nodes ( i n c l u d i n g  t h e  p o s t e r i o r  m e d i a s t i n a l  g r o u p )  were
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d e m o n s t r a t e d  by d i r e c t  i n t r a - n o d a l  i n j e c t i o n s  i n  seven  

a n i m a l s .  T h i s  was a c h i e v e d  by i n j e c t i n g  m i n u t e  vo l umes  o f  

e i t h e r  p o n t a mi n e  sky b l u e  or  d i l u t e d  i n d i a  i n k ,  d i r e c t l y  

i n t o  t h e  pa r enchyma  o f  t h e  n o d e .  G e n t l e  massage o f  t h e  

node caused f i l l i n g  o f  t h e  e f f e r e n t  l y m p h a t i c s  whi ch wer e  

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

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

d y e .  An a t t e m p t  was made t o  i n j e c t  d i f f e r e n t  t h y m i c  nodes  

i n  d i f f e r e n t  a n i m a l s ,  so t h a t  e v e r y  member o f  t h e  t h y mi c  

g r oup  was i n j e c t e d  i n one or  t h e  o t h e r  a n i m a l .

I V .  h i s t o l o g i c a l  t e c h n i q u e

T h i r t e e n  t h y mi c  n o d e s ,  t a k e n  f r om s i x  a d u l t  a n i m a l s ,  

were s t u d i e d  m i c r o s c o p i c a l l y .  The r a t s  were  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 .  A m i d l i n e  i n c i s i o n  was made

i n t h e  a n t e r i o r  a b d o mi n a l  w a l l  and t h e  h e a r t  and g r e a t

v e s s e l s  were exposed by r emov i ng  p a r t  o f  t h e  r i b - c a g e .  The 

v a s c u l a r  syst em was washed f r e e  o f  b l o o d  by p e r f u s i s o n  w i t h  

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

i n s e r t e d  i n t o  t h e  l e f t  v e n t r i c l e ,  and an o u t f l o w  was 

e s t a b l i s h e d  by i n c i s i n g  t h e  r i g h t  a t r i u m .  The p r e l i m i n a r y  

washi ng t ook  about  2 m i n u t e s .  P e r f u s i o n  was t h e n  c o n t i n u e d  

f o r  3 0 - 4 0  mi n u t e s  w i t h  t h e  f i x a t i v e ,  whi ch was a 5% 

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

at  p H 7 . 4 .  The t h y mi c  haemol ymph n o d e s ,  i d e n t i f i e d  by t h e i r  

r e d d i s h  o r  p i n k i s h  c o l o u r  ( w h i c h  was not  a f f e c t e d  by

p e r f u s i o n )  were removed by c a r e f u l  d i s s e c t i o n ,  and i mmersed  

o v e r n i g h t  i n t a c t  i n  t h e  same f i x a t i v e  as t h a t  used f o r
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p e r f u s i o n .  The nodes were t h e n  r i n s e d  s e v e r a l  t i me s  i n  

b u f f e r  f o r  a n o t h e r  24 h o u r s ,  p o s t - f i x e d  i n  1% osmium 

t e t r o x i d e ,  d e h y d r a t e d  i n 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 

embedded i n  S p u r r ' s  r e s i n .  A c o n t i n u o u s  s e r i e s  o f  s e m i t h i n  

s e c t i o n s  ( 1 - 1 . 5um) were  c ut  w i t h  g l a s s  k n i v e s ,  t h r o u g h  8 

n o d e s .  An i n t e r r u p t e d  s e r i e s  o f  s e c t i o n s  were cut  t h r o u g h  

t h e  r e m a i n i n g  n o d e s .  A l t e r n a t e  s l i d e s  were  s t a i n e d  w i t h  

Azur  I I  and w i t h  H a e m a t o x y l i n  and Eos i n ,  and mounted i n  

DPX.  S e c t i o n s  were 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 .

V.  COMPARISON OF THE ROUTE OF ENTRY OF CARBON PARTICLES  

INTO THYMIC HAEMOLYMPH NODES AFTER INTRAVENOUS ( I V ) .  

AND I NI RAPERI TONEAL ( I P ) .  I NJECTI ON  

Two gr oups  o f  a d u l t  r a t s  o f  d i f f e r e n t  age and sex 

were used i n t h i s  i n v e s t i g a t i o n : -

1)  I n  t h e  f i r s t  g r o u p ,  r e g a r d e d  as c o n t r o l ,  e i g h t  a n i ma l s

r e c e i v e d  an i n t r a p e r i t o n e  a I ( I P )  i n j e c t i o n  o f  i n d i a  i nk  

( d i l u t e d  1 : 3  w i t h  n o r ma l  s a l i n e  and r e p e a t e d l y

c e n t r i f u g e d  and f i l t e r e d  b e f o r e  i n j e c t i o n ) .  0 . 1 2 m l  p e r  

100g body w e i g h t  was a d m i n i s t e r e d  and t h e  r a t s  were  

k i l l e d  i n  gr oups  o f  2 a t  1 ,  3 ,  5 and 15 m i n u t e s  a f t e r

i n j e c t i o n .

2)  A second gr oup  o f  s i x t e e n  a n i ma l s  were i n j e c t e d

i n t r a v e n o u s l y  ( I V )  w i t h  i n k ,  0 . 5 m l  p e r  100g body w e i g h t  

( i . e .  f o u r  t i me s  t h e  dose used i n I P i n j e c t i o n s ) ,  and 

were k i l l e d ,  a l s o  i n  gr oups  o f  2 ,  a t  1 ,  3 and 15

m i n u t e s ,  6 h o u r s ,  2 ,  5 ,  7 and 14 days a f t e r  i n j e c t i o n .  

Thymi c nodes f r om b o t h  gr oups  were  f i x e d  by whol e
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a n i ma l  g l u t a r a  I d e h y d e  p e r f u s i o n ,  p r e c e d e d  by v a s c u l a r  

w a s h - o u t  o f  b l o o d ;  t h e  r e m a i n i n g  p r o c e d u r e  was t h e  same 

as d e s c r i b e d  b e f o r e .  The m a j o r i t y  o f  nodes were  

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

embedded s e c t i o n s .  I n  two n o d e s ,  t h i n  s e c t i o n s  were  

o b t a i n e d  ( f o r  t e c h n i q u e  see c h a p t e r s  I I I  & I V )  and 

e xa mi ned  by t h e  e l e c t r o n  m i c r o s c o p e .

V I .  THE AGE AT WHICH ERYTHROCYTES f i r s t  APPEAR IN 

SINUSES OF JHYMIC HAEMOLYMPH NODES 

The t h y mi c  nodes o f  t h i r t e e n  young r a t s ,  o f  d i f f e r e n t

s e x ,  were  e xa mi ned  u n d e r  t h e  d i s s e c t i n g  m i c r o s c o p e

s e a r c h i n g  f o r  t h e  p r e s e n c e  o f  a r e a s  o f  p i n k i s h - r e d  

c o l o u r a t i o n  w i t h i n  t h e  n o d e .  The age o f  t h e  a n i m a l s  r anged  

f r om newbor n t o  s i x  wee k s .  They wer e  k i l l e d  i n  g r oups  o f  2 

or  more o f  each a g e .  Thymi c nodes f r om t h r e e  age gr oups  

( n e w b o r n ,  one and two weeks)  were f i x e d  by i mme r s i o n  i n 5% 

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

a b o v e ,  and s t u d i e d  i n s e r i a l  s e m i - t h i n  p l a s t i c  embedded  

s e c t i o n s .  I n t r a p e r i t o n e a l  ( I P )  i n j e c t i o n s  o f  3 % p o n t a mi n e  

sky b l u e  was r o u t i n e l y  i n t r o d u c e d  b e f o r e  e x a m i n a t i o n  o f  t h e

t h y mi c  nodes whi ch h e l p e d  a g r e a t  d e a l  i n  t h e i r

i d e n t i f i c a t i o n .
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RESULTS

1 . TOPOGRAPHY OF Tt ! l MI C HAEMOLYMPH NODES

The t o p o g r a p h i c a l  f e a t u r e s  o f  t h y m i c  haemol ymph nodes  

were exa mi ned  i n  a t o t a l  o f  33 r a t s .  I n  a l l  t h e  a n i m a l s  

e x a m i n e d ,  two g r o u p s  o f  p i n k i s h  or  r e d d i s h  nodes were  f ound  

l y i n g  i n  t h e  v i c i n i t y  o f  t h e  t hymus g l a n d  i n  t h e  a n t e r i o r  

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

was i n v a r i a b l y  f ound embedded i n  brown f a t  and s e p a r a t e d  

f r om t h e  t h y mi c  c a p s u l e  by a v e r y  t h i n  c o n n e c t i v e  t i s s u e  

l a y e r  ( F i g s .  1 ,  103 & 1 0 5 ) .  T h e i r  common a r r a n g e m e n t  was

2 - 3  nodes s i t u a t e d  d o r s o - l a t e r a  I l y  t o  each t h y m i c  l o b e ,  bu t  

r a r e l y  as many as 5 or  even 6 nodes were  o b s e r v e d  on each  

s i d e .  They were i r r e g u l a r  i n  shape and t h e i r  s i z e  r anged  

b e t we e n  2 - 7 mm i n d i a m e t e r .

The second gr oup  o f  n o d e s ,  known as t h e  p o s t e r i o r  

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

node on each s i d e ,  bu t  2 or  3 nodes wer e  a l s o  o b s e r v e d  ( i n  

3 out  o f  33 a n i m a l s ) .  They were embedded i n  a mass o f  

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

t h e  l u n g s ,  j u s t  be l ow and deep t o  t h e  t hymus and b e t we e n  i t  

and t h e  p o s t e r i o r  t h o r a c i c  w a l l  ( F i g s .  103 & 1 0 5 ) .  They

were l o c a t e d ,  on t h e  r i g h t ,  be t wee n  t h e  r i g h t  s u p e r i o r  vena  

cava  and o e s o p h a g u s ,  and on t h e  l e f t ,  a d j a c e n t  t o  t h e  l e f t  

s u p e r i o r  vena c a v a .  The r i g h t  node was u s u a l l y  l a r g e r  t h a n  

t h e  l e f t  o n e .

I t  was o b s e r v e d  t h a t  bo t h  t h e  t h y mi c  and p o s t e r i o r  

m e d i a s t i n a l  haemol ymph nodes e x h i b i t e d  p o l a r i t y  o f  t h e i r
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red c o l o u r a t i o n  i n  most  o f  t h e  c a s e s .  I n  a l l  33 a n i m a l s ,  

t h e  u p pe r most  p a r a t h y m i c  node was more red t h a n  o t h e r  

members o f  t h e  same g r o u p .  I n  a n o t h e r  22 a n i m a l s ,  i t  was 

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

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

one p o l e ,  w h i l e  t h e  r e s t  o f  t h e  node was c o m p l e t e l y  p a l e .  

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

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

I I .  REGIONAL ORI GI N OF THE AFFERENT LYMPHATICS 

I § c h n i g u e  A

The method o f  d e m o n s t r a t i n g  lymph v e s s e l s  by I V  

i n j e c t i o n  o f  3% p o n t a m i n e  sky b l u e  f o l l o w e d  by b l o o d -  

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

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

The r e s u l t s  o b t a i n e d  by t h i s  t e c h n i q u e  were l a t e r

c o n f i r m e d  by d i r e c t  i nk  i n j e c t i o n s  o f  t h e  d i a p h r a g m ,  

t h y mu s ,  h e a r t  and l ung ( s e e  t e c h n i q u e  B ) .  Howe ve r ,  i t  

seems w o r t h w h i l e  t o  e mp h as i s e  t h e  f o l l o w i n g  f i n d i n g s  f r om  

t h e  o r i g i n a l  dye e x p e r i m e n t s .

1)  The upper most  p a r a t h y m i c  node was c o n s t a n t l y  o f  a

haemol ymph n a t u r e  i n  a l l  18 a n i m a l s  i n  whi ch  t h i s  

method was e mp l o y e d .  I t  r e c e i v e d  i t s  ma j o r  l ymph

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

l y m p h a t i c  t r u n k s  ( F i g .  1 0 6 ) .

2)  The lymph nodes d r a i n i n g  t h e  d i a p h r a g m  ( w h i c h  i n c l u d e  

p a r a t h y m i c  and p o s t e r i o r  m e d i a s t i n a l  node g r o u p s )  wer e  

u s u a l l y  o f  t h e  haemol ymph v a r i e t y .  Most  o f  t h e s e

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

l y m p h a t i c s  f r om t h e  d i a p h r a g m w h i l e  t h e  p a l e - g r e y i s h  

p a r t  d r a i n e d  t h e  h e a r t  a n d / o r  l ungs  ( F i g s .  20 8 2 2 ) .

3)  The c i s t e r n a l  node ( u s u a l l y  a l a r g e  s o l i t a r y  n o d e ,  or  

l e s s  f r e q u e n t l y  a n y t h i n g  up t o  4 s m a l l  nodes embedded,  

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

f a t )  was o f  a haemol ymph n a t u r e  i n  16 out  o f  18 a n i ma l s  

s t u d i e d  by t h i s  me t hod .  I t s  mai n lymph d r a i n a g e  came 

f r om t h e  p o s t e r i o r  d i a p h r a g m ( F i g s .  1 0 4 ,  105 8 1 0 6 ) .  

J e c h n i g u e  B

The method o f  i n j e c t i n g  i nk  p a r t i c l e  s u s p e n s i o n  

d i r e c t l y  i n t o  t h e  o r g a n s  s ucc eede d  i n  d e m o n s t r a t i n g  t h e  

l ymph v e s s e l s  o f  t h e  d i a p h r a g m ,  l ungs  and h e a r t ,  bu t  f a i l e d  

i n  t h e  case  o f  t h e  t h y mu s .  D e t a i l e d  r e s u l t s  a r e  p r e s e n t e d  

b e l o w:

( a )  DIAPHRAGM

Out o f  n i n e t e e n  d i a p h r a g m a t i c  i n j e c t i o n s  i n  6 

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

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

t h i s  method c o n f i r m e d  t h e  f i n d i n g s  a c h i e v e d  by I P i n j e c t i o n  

o f  i nk  i n  50 a n i m a l s  ( s e e  C h a p t e r  I V ) .  F i g u r e s  1 0 3 - 1 0 7  

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

d i a p h r a g m and t h e  r e g i o n a l  nodes i n  whi ch t h e y  t e r m i n a t e d .  

The f o l l o w i n g  c o n c l u s i o n s  can be drawn f r om t h e s e  r e s u l t s : -

1)  S u b p e r i t o n e a l  l y m p h a t i c  l a c u n a e  o f  t h e  d i a p h r a g m f i l l e d  

b e a u t i f u l l y  a f t e r  i n j e c t i o n .  Four  p a i r e d  g r oups  o f  

d i a p h r a g m a t i c  l y m p h a t i c  pa t hwa y s  were  d e m o n s t r a t e d ;  i n
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o r d e r  o f  i m p o r t a n c e  t h e y  were -

£ § £ E 2 § £ § r Q § ! /  f r om t h e  a n t e r i o r  d i a p h r a g m ,  i n t o  

t h e  p a r a t h y m i c  nodes ( u p p e r mo s t  n o d e ) ;  

I 2 £ l 2 2 2 l l £ 2 Q 2 3 i / ’ f r om t h e  p o s t e r i o r  d i a p h r a g m ,  

i n t o  t h e  c i s t e r n a l  node;  

i i i ) j m t e r c o s t o - g a r a v e r t e b r a  I ,  f r om t h e  c o s t a l  p a r t  o f  

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

node;

i v )  rnedi ast ^i naj . ,  f r om t h e  p e r i t e n d i n o u s  a r e a  o f  t h e  

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

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

one lymph node b e f o r e  e n t e r i n g  t h e  g r e a t  v e i n s  or  

c i s t e r n a  c h y l i .

I t  was g e n e r a l l y  o b s e r v e d  t h a t  most  o f  t h e s e  main  

l ymph t r u n k s  end by b r a n c h i n g  i n t o  s e v e r a l  s ma l l  

t e r m i n a l  l y m p h a t i c s  b e f o r e  e n t e r i n g  r e g i o n a l  no d e s .

2)  These  l y m p h a t i c  r o u t e s  d r a i n i n g  t h e  d i a p h r a g m  

i n v a r i a b l y  e x i s t  as i l l u s t r a t e d  i n F i g .  1 0 6 .  The lymph 

n o d e s ,  whi ch t h e y  were d e s t i n e d  f o r ,  a l s o  i n v a r i a b l y  

pos ses s  a r e d d i s h  t i n g e .  I n  t h i s  r e s p e c t  t h e  u p p e r mo s t  

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

were c o n s t a n t l y  haemol ymph i n n a t u r e ,  w h i l e  t h e  

r e m a i n i n g  p a r a t h y m i c  nodes and t h e  p o s t e r i o r  

m e d i a s t i n a l  node o f  t h e  same a n i ma l  d i f f e r  i n v a r i a b l y .

3)  The i n c i d e n c e  o f  p o l a r i t y  o f  red c o l o u r a t i o n  was q u i t e  

hi gh i n haemol ymph nodes whi ch r e c e i v e  t h e i r  main lymph 

d r a i n a g e  f r om t h e  d i a p h r a g m .  P o l a r i t y  was o b s e r v e d  i n  

t h e  m a j o r i t y  o f  33 a n i ma l s  exami ned  f o r  t o p o g r a p h i c a l
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f e a t u r e s .  I n  a l l  a n i m a l s ,  i t  was f ound t h a t  t h e  

u p p e r mo s t  p a r a t h y m i c  node i s  t h e  most  red i n  t h e  g r o u p .  

T h i s  phenomenon was c a l l e d  p o l a r i t y  i n  g r o u p .  

I n d i v i d u a l  p o l a r i t y  ( w h i c h  means t h e  p o l e  o f  an 

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

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

was p a l e )  was p r e s e n t  i n  about  two t h i r d s  o f  t h e  

animals.
( b )  IHYMUS GLAND

A l t h o u g h  d i r e c t  i n j e c t i o n s  o f  t h e  dyes were t r i e d  

v e r y  c a r e f u l l y  i n t o  d i f f e r e n t  p a r t s  o f  t h e  t h y mu s ,  none o f  

t h e  24 i n j e c t i o n s  i n  s i x  a n i m a l s  were s u c c e s s f u l .  The s o f t  

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

made t h e  i n j e c t i o n s  v e r y  d i f f i c u l t .  Each t i m e  t h e  thymus  

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

t i s s u e s  maki ng t h e  s t u d y  o f  t h e  t h y mi c  l y m p h a t i c s  most  

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

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

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

( c )  HEART

11 out  o f  a t o t a l  o f  16 i n j e c t i o n s  made i n t o  t h e

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

f i l l i n g  t he m.  C a r d i a c  l y m p h a t i c s  c o n v e r g e d  i n t o  two l a r g e  

e f f e r e n t  l ymph t r u n k s  whi ch acc ompan i e d  t h e  a s c e n d i n g

a o r t a ,  one on each s i d e ,  and ended by d i v i d i n g  i n t o  two  

t e r m i n a l  b r a n c h e s :  one c r o s s e d  h o r i z o n t a l l y  deep t o  t h e

c o r r e s p o n d i n g  s u p e r i o r  vena cava  and d r a i n e d  i n t o  t h e
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p o s t e r i o r  m e d i a s t i n a l  node;  t h e  r e m a i n i n g  b r a n c h  c o n t i n u e d  

upwar ds  deep t o  t h e  t hymus and e mp t i e d  i n t o  t h e  l ower mos t  

p a r a t h y m i c  node ( F i g .  2 2 ) .

The most  i m p o r t a n t ,  and r a t h e r  i n t e r e s t i n g ,  

o b s e r v a t i o n  was t h a t  t h e s e  r e g i o n a l  l ymph nodes were  e i t h e r  

c o m p l e t e l y  d e v o i d  o f  a red t i n g e ,  o r  i n  case  o f  p o l a r i t y ,  

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

node .

( d )  LUNG

A l l  d i r e c t  i n j e c t i o n s ,  a t o t a l  o f  8 ,  i n t o  l y m p h a t i c s  

o f  t h e  h i l u m o f  t h e  l ung succ e ede d  i n  f i l l i n g  a lymph 

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

p o s t e r i o r  m e d i a s t i n a l  node whi ch was p a l e  i n  c o l o u r .  When 

t h i s  node showed p i n k i s h  or  r e d d i s h  c o l o u r a t i o n  i n  one 

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

i n t o  t h e  p a l e  p o r t i o n  o f  t h e  node ( F i g .  2 2 ) .

i n . e f f e r e n t  l y m p h  d r a i n a g e

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

m e d i a s t i n a l  haemol ymph nodes was s t u d i e d  by d i r e c t  i n t r a -

n o d a l  i n j e c t i o n s .  Ev er y  node was i n j e c t e d  s e p a r a t e l y  and 

i t s  e f f e r e n t  l ymph d r a i n a g e  was t r a c e d  u n d e r  t h e  d i s s e c t i n g  

m i c r o s c o p e .  The ma j o r  e f f e r e n t  l ymph c h a n n e l s  f r om lymph 

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

v e i n s  e i t h e r  s e p a r a t e l y  or  as a s i n g l e  lymph c h a n n e l  ( F i g .  

2 1 ) .  These  ma j o r  e f f e r e n t  c h a n n e l s  o f t e n  showed s e g me n t a l

c o n t r a c t i o n  o f  t h e i r  w a l l  i n  a t y p i c a l  beaded manner

( s u g g e s t i v e  o f  t h e  p r e s e n c e  o f  v a l v e s ) ,  whi ch caused

f i l l i n g  o f  t h e  c h a n n e l s  away f r om t h e  nodes t o wa r d s  t h e



v e i n s .

I t  was n o t i c e d  t h a t  i n  a d d i t i o n  t o  ma j o r  e f f e r e n t  

L y m p h a t i c s ,  t h e r e  were a l s o  s m a l l  ones whi ch c o n n e c t  

members o f  t h e  p a r a t h y m i c  node gr oup  w i t h  one a n o t h e r  i n  a 

d e s c e n d i n g  ma n n e r ,  i . e . ,  when lymph s i n u s e s  o f  an 

i n d i v i d u a l  node became so f u l l  w i t h  i n k ,  t h e  e x c e s s  dye was 

passed t o  t h e  node be l ow and so on ( F i g s .  2 1 ,  106 & 1 0 7 ) .  

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  o f  i nk  a g r e e d  w e l l  w i t h  t h a t  

of  e r y t h r o c y t e s  i n  some nodes b e f o r e  i n j e c t i o n .

O c c a s i o n a l  r e f l u x  o f  i n j e c t e d  dye i n t o  a f f e r e n t  

l y m p h a t i c s  o f  p a r a t h y m i c  nodes was o b s e r v e d .  These  

a f f e r e n t s  f i l l e d  p a r t i a l l y  and wer e  t r a c e d  back wa r d s  t o  

l y m p h a t i c s  coming f r om t h e  d i a p h r a g m as w e l l  as f r om t h e  

t  hymus g l and .

I V .  HISTOLOGY OF THE i h y m i c  HAEMOLYMPH NODES

E x a m i n a t i o n  o f  s e r i a l  s e m i - t h i n  s e c t i o n s  o f  t h i r t e e n  

p a r a t h y m i c  haemol ymph nodes showed t h a t  h i s t o l o g i c a l l y  t h e y  

a r e  s i m i l a r  t o  o r d i n a r y  n o d e s ,  i n  g e n e r a l ,  and t o  t h e i r  

r e n a l  and s p l e n i c  c o u n t e r p a r t s  i n  p a r t i c u l a r .  A l l  t h e  

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

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

e f f e r e n t  l ymph v e s s e l s ,  were r e c o g n i s e d  ( F i g s .  2 - 1 2 ) .  

Ca p s u l e  and s u b c a g s u l a r  s i n u s  -  I n  g e n e r a l ,  each node was 

an o v a l  or  k i d n e y - s h a p e d  s t r u c t u r e .  I n  each n o d e ,  l ymphoi d  

t i s s u e  was e n c l o s e d  i n a c a p s u l e  o f  c o n n e c t i v e  t i s s u e  whi ch  

was p i e r c e d  at  i t s  convex s u r f a c e  by s e v e r a l  a f f e r e n t  lymph 

v e s s e l s  ( F i g s .  2 ,  5 ,  7 & 8 ) .  At  t h e  n o d a l  c o n c a v i t y ,
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h o w e v e r ,  b l o o d  v e s s e l s  and one or  more l a r g e  e f f e r e n t  

l y m p h a t i c ( s )  emerged a t  t h e  h i l u m ( F i g s .  1 S 1 0 ) .

A s u b c a p s u l a r  or  m a r g i n a l  s i n u s  was p r e s e n t  be t we e n

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

homogeneous p a l e - s t a i n e d  p r e c i p i t a t e  o f  l ymph p r o t e i n  and 

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

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

t h a n  l y mp h o c y t e s  ( F i g s .  6 ,  8 & 9 ) .  Some ma c r o p h a g e s ,

o c c a s i o n a l  medium or  l a r g e  L y mp h o c y t e s ,  monocyt es  and a few  

p l a sma  and mast  c e l l s  were o b s e r v e d  i n  t h e  s u b c a p s u l a r

s i n u s .  M a c r o p h a g e - e r y t h r o c y t e  r o s e t t e s  were  r a r e l y  f ound  

i n  t h e  m a r g i n a l  s i n u s .  The s i n u s  was s l i g h t l y  e n l a r g e d  at  

t h e  s i t e  o f  e n t r a n c e  o f  a f f e r e n t  l y m p h a t i c s  ( F i g s .  7 & 9 ) .  

Nodal  par enchyma  -  The l ymph o i d  par enchyma  o f  t h e

p a r a t h y m i c  haemol ymph nodes was c l e a r l y  d i v i s i b l e  i n t o  a 

p e r i p h e r a l  c o r t e x  composed o f  d e n s e l y  packed l y mp h o c y t e s  

and a c e n t r a l  m e d u l l a  made o f  b r a n c h i n g  cor ds  w i t h

i n t e r v e n i n g  s i n u s e s  ( F i g s .  1 ,  2 ,  3 ,  5 8 1 3 ) .  The t h i c k n e s s  

and e x t e n t  o f  t h e  c o r t e x  v a r i e d  i n  d i f f e r e n t  nodes and a l s o  

i n  d i f f e r e n t  p a r t s  o f  t h e  same node .

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

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

f ound i n  a l l  t h e  nodes exami ned ( a  t o t a l  o f  13 n o d e s ) .  The

number  o f  g e r m i n a l  c e n t r e s  seen i n  a s i n g l e  s e c t i o n  r anged  

f r om 1 - 2 0 .  These g e r m i n a l  c e n t r e s  show a p a l e  c e n t r a l  and 

a d a r k - s t a i n i n g  p e r i p h e r a l  zone ( F i g s .  3 & 4 ) .  The c e n t r a l  

p a l e  a r e a  was c h a r a c t e r i s t i c a l l y  d e v o i d  o f  any b l o o d

v e s s e l s ,  and c o n t a i n e d  a s i g n i f i c a n t  number  o f  d a r k - s t a i n e d
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t i n g i b  l e - b o d y  macr ophage s  ( F i g .  4 ) .  S i n c e  g e r m i n a l  c e n t r e s  

a r e  b e l i e v e d  t o  r e f l e c t  t h e  s t a t e  o f  a c t i v i t y  o f  a nod e ,  i f  

a p p e a r s  t h a t  t h e  p a r a t h y m i c  haemol ymph node t $ 

i mmunol og i c a I l y  a v e r y  a c t i v e  n o d e .  I n  any i n d i v i d u a l  

a n i m a l ,  t h e  u p pe r mos t  t h y m i c  node was f o u n d  t o  have t h e  

g r e a t e s t  number  o f  g e r m i n a l  c e n t r e s  ( i . e .  t h i s  node was 

more a c t i v e  t h a n  t h e  r e s t  o f  t h e  nodes i n  t h e  sane g r o u p ) .  

T h i s  p o i n t ,  and many o t h e r s ,  a r e  c o n s i d e r e d  i n  more d e t a i l  

i n  t h e  D i s c u s s i o n .

The p a r a - c o r t e x  ( t hymus  d e p e n d e n t  a r e a ) ,  r e c o g n i s e d  

by t h e  p r e s e n c e  o f  p o s t - c a p i l l a r y  v e n u l e s  w i t h  h i gh  

c u b o i d a l  o r  c o l u mn a r  e n d o t h e l i a l  l i n i n g s  was seen in  a l l  

t h e  nodes e xami ned  ( F i g s .  2 & 5 ) .  S m a l l  l y m p h o c y t e s  we r e  

f r e q u e n t l y  seen t r a v e r s i n g  t h e  w a l l  o f  h i g h  e n d o t h e l i a l  

v e n u l e s ,  and wer e  p r e s e n t  i n  l a r g e  number s  i n  i t s  i m m e d i a t e  

s u r r o u n d i n g s  ( F i g s ,  1 5 ,  16 & 1 7 ) .  H o w e v e r ,  few

e r y t h r o c y t e s  wer e  o b s e r v e d  w i t h i n  t h e  v e n u l e s  and o u t s i d e  

i n  t h e  s u r r o u n d i n g  t i s s u e .  None wer e  seen i n  t h e  w a l l  o f  

hi gh  e n d o t h e l i a l  v e n u l e s .

The m e d u l l a  e x t e n d e d  f r om t h e  p a r a - c o r t e x  t o  hi  turn 

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

t i s s u e  w i t h  i n t e r v e n i n g  s i n u s e s  ( F i g s .  2 & 3 ) .  The cordis 

c o n t a i n e d  l y m p h o c y t e s ,  p l asma  c e l l s  and f i x e d  m a c r o p h a g e s *  

Some e r y t h r o c y t e s  wer e  a l s o  f ound i n  t h e  m e d u l l a r y  c o r d s ,  

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

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

s u b s t a n c e  o f  t h e  c o r d s .  The m e d u l l a r y  s i nuse s  P be i ng
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l a r g e r  t h a n  c o r d s ,  o c c u p i e d  a g r e a t e r  p a r t  o f  t h e  m e d u l l a .  

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

macr ophages  and mast  c e l l s ;  bu t  t h e  most  p r o m i n e n t  f e a t u r e  

he r e  was t h e  m a c r o p h a g e - e r y t h r o c y t e  r o s e t t e s  whi ch n e a r l y  

f i l l e d  t h e  whol e  f i e l d  ( F i g s .  11 & 1 2 ) .  I n  t h e s e  r o s e t t e s ,  

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

s u r f a c e  o f  t h e  macr ophage  ( F i g s .  1 1 ,  12 & 2 3 ) .  The

macr ophages  were l a r g e  and c i r c u l a r  or  o v o i d  i n s h a p e .  

They c o n t a i n e d  f r a g m e n t s  o f  e r y t h r o c y t e s ,  h a e m o s i d e r i n  

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

c y t o p l a s m  ( F i g s .  2 3 ,  24 & 2 5 ) .  M a c r o p h a g e - e r y t h r o c y t e

r o s e t t e s  a r e  t h e  most  c h a r a c t e r i s t i c  f e a t u r e  o f  a 

haemol ymph n o d e ,  and s e r v e  as a h i s t o l o g i c a l  c r i t e r i o n  f o r  

t h e i r  r e c o g n i t i o n .  R o s e t t e s  were r a r e  i n  t h e  m a r g i n a l  and 

i n t e r m e d i a r y  s i n u s e s  and a bundant  i n  t h e  m e d u l l a r y  s i n u s e s .

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

m a c r o p h a g e - e r y t h r o c y t e  r o s e t t e s  was o b s e r v e d  i n  some no d e s .  

Bot h were  a bundant  a t  one p o l e  o f  t h e  n o d e ,  and a l mos t  

a b s e n t  a t  t h e  o t h e r .  T h i s  a r e a  o f  p o l a r i s a t i o n ,  when 

p r e s e n t ,  was f ound t o  be l o c a t e d  o p p o s i t e  t h e  s i t e s  of  

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

A f f e r e n t  and e f f e r e n t  l y m p h a t i c s  -  The number  o f  a f f e r e n t  

l y m p h a t i c s  p r e s e n t  i n  any one node r anged f r om 1 - 4 ,  and 

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

s u r f a c e  ( F i g s .  2 ,  5 & 1 3 ) .  The e n t r a n c e  i n t o  t h e

s u b c a p s u l a r  s i n u s  was g u a r d e d  by a b i c u s p i d  v a l v e ,  ope n i ng  

t o wa r d s  t h e  node ( F i g s .  7 & 8 ) .  T y p i c a l  a f f e r e n t  lymph 

v e s s e l s  w i t h  v a l v e s  were seen i n t h e  m a j o r i t y  o f  t h e  nodes
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e x a mi ned  ( i n  10 out  o f  13 n o d e s ) .  The L y mp h a t i c s  were

i d e n t i f i e d  by t h e i r  s t r u c t u r e ,  c o n t e n t s  and t h e i r  

c o n t i n u i t y  w i t h  t h e  s u b c a p s u l a r  s i n u s  ( F i g s .  2 & 5 - 9 ) .  The  

Lumi na l  s u r f a c e  o f  t h e  Ly mphat i c  was L i ned by a s i n g l e  

c o n t i n u o u s  La yer  o f  f l a t t e n e d  e n d o t h e l i a l  c e l l s  r e s t i n g  on 

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

o v o i d  i n  shape and p r o t r u d e d  i n t o  t h e  l umen.  I n  l a r g e  

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

m u s c u l a r  t i s s u e  was f r e q u e n t l y  o b s e r v e d  ( F i g s .  7 & 8 ) .

V a l v e s  were made up o f  a d o u b l e  s h e e t  o f  e n d o t h e l i u m  w i t h  

some c o n n e c t i v e  t i s s u e  l y i n g  be t wee n  t h e  s h e e t  at  t h e  base  

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

p r e c i p i t a t e  o f  l ymph p r o t e i n ,  and a v a r i a b l e  number  o f  

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

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

l y m p h o c y t e s .  The number  o f  t h e s e  two c e l l s  and t h e i r  r a t i o  

t o  one a n o t h e r  v a r i e d  i n d i f f e r e n t  a f f e r e n t s  and i n  

d i f f e r e n t  n o d e s .  Some o f  t h e  a f f e r e n t s  had l a r g e  numbers  

of  e r y t h r o c y t e s  i n  them ( F i g .  6 ) .  The e r y t h r o c y t e s  were  

f r e e ,  i n t a c t  and a p p e a r e d  f r e s h .  M a c r o p h a g e - e r y t h r o c y t e  

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

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

p o i n t i n g  away f r om t h e  node were r e c o g n i s e d  i n a l l  t h e

t h i r t e e n  nodes whi ch were s t u d i e d .  These were seen 

e mer g i ng  f r om t h e  h i l u s ,  and were c o n t i n u o u s  w i t h  t h e

m e d u l l a r y  s i n u s e s  ( F i g s .  2 ,  3 & 9 ) .  They were r e a d i l y

d i s t i n g u i s h e d  f r om n e i g h b o u r i n g  empty v e i n s  by t h e i r
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c o n t e n t  o f  homogene ous l y  s t a i n e d  coagul um o f  l ymph p r o t e i n ,  

and by t h e i r  r e l a t i v e l y  t h i n  w a l l .  U s u a l l y ,  f r e e  

e r y t h r o c y t e s ,  macr ophages  and p l asma c e l l s  were  p r e s e n t  i n  

s m a l l  numbers i n  t h e m.  Ho we v e r ,  m a c r o p h a g e - e r y t h r o c y t e  

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

V . COMPARISON OF THE ROUTE OF ENTRY OF CARBON PARTICLES  

INTO THYMIC HAEMOLYMPH NODES AFTER INTRAVENOUS ( I V )  AND 

I NI BAPERI TONEAL ( I P ) .  I NJECTI ON

Carbon p a r t i c l e s  ( i . e .  1 : 3  d i l u t e d  i n d i a  i n k )  were

i n j e c t e d  i n t r a v e n o u s l y  ( I V )  or  i n t r a p e r i t o n e a l l y  ( I P )

i n t o  two s e p a r a t e  gr oups  o f  a d u l t  r a t s ,  one o f  16 and one 

o f  8 ,  a n i m a l s .  The s i t e  o f  e n t r y  and t h e  r a t e  o f  e n t r y  o f  

t h e  i n j e c t e d  c a r b o n  p a r t i c l e s  i n t o  t h e  t h y mi c  haemol ymph  

nodes were t h e n  c ompa r e d .

Carbon i n j e c t e d  I P r e ac he d  t h e  t h y mi c  haemolymph  

nodes r a p i d l y  and i n  l a r g e  q u a n t i t i e s  v i a  a f f e r e n t  

l y m p h a t i c s  whi ch a r o s e  p r i n c i p a l l y  f r om t h e  d i a p h r a g m .  

W i t h i n  mi n u t e s  o f  i n j e c t i o n  c a r bon  p a r t i c l e s  were  abundant  

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

e n g u l f e d  by macr ophages  ( F i g s .  9 9 - 1 0 2  & T a b l e  2 ) .  Carbon  

p a r t i c l e s ,  l i k e  e r y t h r o c y t e s ,  were d i s t r i b u t e d  f o c a l l y  

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

s u b c a p s u l a r  s i n u s .

A f t e r  I V  i n j e c t i o n ,  c a r bon  p a r t i c l e s  e n t e r e d  t h e  

nodes much more s l o w l y  and i n  s m a l l e r  q u a n t i t i e s  r e a c h i n g  a 

maximum a f t e r  5 - 7  d a y s .  I t s  d i s t r i b u t i o n ,  h o we v e r ,  was 

s i m i l a r  t o  t h a t  f o l l o w i n g  I P i n j e c t i o n ,  i . e .  ca r bon  

p a r t i c l e s  were c o n f i n e d  t o  t h e  s u b c a p s u l a r ,  i n t e r m e d i a t e
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and m e d u l l a r y  s i n u s e s  and t o  t h e  c e l l s  whi ch  l i n e  them 

( F i g s .  1 3 - 1 8  & T a b l e s  1 & 3 ) .  No c a r b o n  p a r t i c l e s  were

f ound c r o s s i n g  t h e  w a l l s  o f  h i g h  e n d o t h e l i a l  v e n u l e s ,  nor  

were seen i n  t h e  v i c i n i t y  o f  t h e s e  v e s s e l s  ( F i g s .  17 & 1 8 ) .

V I .  THE RELATION BETWEEN AGE AND THE FI RST APPEARANCE OF

ERYTHROCYTES ^  j HE SINUSES OF THYMIC HAEMOLYMPH NODES 

The p a r a t h y m i c  nodes o f  13 young a n i ma l s  ( r a n g i n g  

f r om newbor n t o  6 weeks)  were s t u d i e d  bo t h  m a c r o s c o p i c a l l y  

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

d i s s e c t i n g  m i c r o s c o p e ,  r e v e a l e d  t h a t  t h y mi c  nodes s t a r t  t o  

show a s l i g h t  t i n g e  o f  r e d d i s h  or  p i n k i s h  c o l o u r a t i o n  at

t h e  age o f  3 weeks and u p wa r d s .  B e f o r e  t h i s  age no red

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

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

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

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

e r y t h r o c y t e s  were o b s e r v e d .  Some l a y  i n s i d e  a v a l v e d  

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

node ( F i g .  1 9 ) .  The number  o f  e r y t h r o c y t e s  i n t h e  s i n u s e s  

i n c r e a s e d  as t h e  a n i ma l  gr ew o l d e r .  Most  o f  t h e s e  

e r y t h r o c y t e s  were f r e e ,  bu t  some were a t t a c h e d  t o  

macr ophages  f o r m i n g  r o s e t t e s .
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DI SCUSSI ON

T h i s  s t u d y  has shown t h a t  haemol ymph n o d e s ,  whi ch l i e  

i n  t h e  v i c i n i t y  o f  t h e  thymus g l a n d  o f  t h e  A l b i n o  r a t ,  a r e  

c o n s t a n t  s t r u c t u r e s .  These nodes were  r e g u l a r l y  f ound i n  

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

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

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

e v i d e n c e  about  t h e i r  haemol ymph n a t u r e .  The m a r g i n a l  s i n u s  

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

packed w i t h  c h a r a c t e r i s t i c  m a c r o p h a g e - e r y t h r o c y t e  r o s e t t e s  

so as t o  g i v e  a red or  p i n k  c o l o u r  t o  t h e  nodes when 

exami ned by t h e  naked e y e .  The r e g u l a r  p r e s e n c e  o f  t h e  

above f e a t u r e s  i n  a l l  t h e  r a t s ,  s e l e c t e d  at  r andom,  and t h e  

absence  o f  any m i c r o s c o p i c  a b n o r m a l i t y  i n  t h e  nodes

exami ned e x c l u d e s  t h e  p o s s i b i l i t y  t h a t  t h e s e  a p p e a r a n c e s  

mi ght  be due t o  any p a t h o l o g y .  T h i s  gr oup  o f  haemolymph  

nodes has been i d e n t i f i e d  by T u r n e r  ( 1 9 6 9 ,  1970 & 1 9 7 1 ) ;

Ol ah and Tor o  ( 1 9 7 0 )  and N o p a j a r o o n s r i  e t  a l .  ( 1 9 7 4 ) ,  but  

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

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

e i t h e r  not  d i s c u s s e d  or  even not  me n t i o n e d  at  a l l .

Two node gr oups  were  d i s t i n g u i s h e d  i n  t h e  p r e s e n t  

s t u d y .  The t h y mi c  nodes a r e  a g r oup  o f  2 - 3  nodes f ound  

embedded on t h e  l a t e r a l  a s p e c t  o f  each t h y mi c  l o b e .  They  

a r e  s e p a r a t e d  f r om t h e  c a p s u l e  o f  t h e  t hymus by a v e r y  t h i n  

l a y e r  o f  c o n n e c t i v e  t i s s u e ,  whi ch m i g h t ,  t h e r e f o r e ,  be

m i s t a k e n  f o r  an a d d i t i o n a l  t h y mi c  l o b u l e .  B l au  and Gangas
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( 1 9 6 8 )  e s t i m a t e d  t h e i r  t o t a l  w e i g h t  i n  r e l a t i o n  t o  t h e

t hymus i n r a t s  and f ound i t  t o  be 1 / 1 0  t o  1 / 2 0  t h a t  o f  t h e

t hymus g l a n d  i n  any one a n i m a l .  The whol e  gr oup  o f  nodes

mi ght  be l o o s e l y  c a l l e d  " t h y m i c "  be c a u s e  o f  t h e i r

t o p o g r a p h i c a l  r e l a t i o n s h i p  t o  t h e  t hymus g l a n d .  The  

p r e s e n t  i n v e s t i g a t i o n  has shown,  h o w e v e r ,  t h a t  t h e  gr oup i s  

not  homogeneous:  t h e  upper most  node r e c e i v e s  lymph m a i n l y

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

and i s  c o n s t a n t l y  o f  t h e  haemol ymph v a r i e t y .  The r e m a i n i n g  

members o f  t h e  gr oup  a r e  somet i mes  haemol ymph n o d e s ,  

d e p e n d i n g  on t h e  a r e a  o f  d r a i n a g e  t e r r i t o r y ,  i . e .  w h e t h e r  

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

l ymph r o u t e .  The whol e  gr oup  c a n ,  t h e r e f o r e ,  be c a l l e d  

w i t h  a c c u r a c y  " p a r a t h y m i c  haemol ymph n o d e s " .  T h i s  does not  

e x c l u d e  t h e  thymus as a s o u r c e  o f  a f f e r e n t  l ymph,  but  i t  

shows t h a t  i n a d d i t i o n  t o  t h e  t h y mu s ,  t h e s e  nodes ( t h e  

u p pe r most  node i n p a r t i c u l a r )  r e c e i v e  a c o n s i d e r a b l e  amount  

of  l ymph f r om t h e  d i a p h r a g m .

The p o s t e r i o r  m e d i a s t i n a l  n o d e s ,  u s u a l l y  one l a r g e  

node on each s i d e ,  a r e  a l s o  i n v a r i a b l y  haemol ymph nodes;  

t h e i r  haemol ymph n a t u r e  d e p e n d i n g  on w h e t h e r  t h e y  d r a i n e d  

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

or  n o t .  Because  t h i s  gr oup i s  f ound i n  t h e  p o s t e r i o r  

m e d i a s t i n u m ,  and r e c e i v e s  lymph f r om a wi de d r a i n a g e  

t e r r i t o r y  ( d i a p h r a g m ,  h e a r t ,  l ungs  and p o s s i b l y  t h e  

t h y m u s ) ,  t h u s ,  t h e  name " p o s t e r i o r  m e d i a s t i n a l  nodes"  i s  

most s u i t a b l e .

Once t h e  nor ma l  and r e g u l a r  p r e s e n c e  of  t h e
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p a r a t h y m i c  haemol ymph nodes i s  e s t a b l i s h e d ,  i t  becomes  

i m p o r t a n t  t o  d e t e r m i n e  w h e t h e r  t h e y  a r e  t y p i c a l  l ymph nodes

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

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

nodes as r e g a r d e d  by T u r n e r  ( 1 9 6 9 ) .

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

nodes was t h o r o u g h l y  exami ned i n  s e r i a l  s e m i - t h i n  s e c t i o n s  

o f  t h i r t e e n  node s -  A l l  t h e  s t r u c t u r a l  component s  o f  a

t y p i c a l  l ymph node a r e  p r e s e n t  w i t h  no ma j o r  a r c h i t e c t u r a l

d i f f e r e n c e s  .

The n o d a l  pa r enchyma shows t h e  u s u a l  d i s t i n c t i o n  i n t o  

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

d e n s e l y  packed l y m p h o c y t e s ,  and c o n t a i n s  a v a r i a b l e  number  

of  s e c o n d a r y  f o l l i c l e s  as a l s o  d e s c r i b e d  i n  s p l e n i c  

haemol ymph nodes by Ol ah and Tor o  ( 1 9 7 0 ) .  We l l  d e v e l o p e d  

g e r m i n a l  c e n t r e s  have been i n v a r i a b l y  seen i n a l l  o f  t h e  

nodes e x a mi n e d ,  i . e .  a gr oup  o f  v e r y  a c t i v e  n o d e s .  The  

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

no d e ,  shows t h a t  t h e  p a r a t h y m i c  haemol ymph nodes a r e  

c a p a b l e  o f  an immune r e spons e  t o  a n t i g e n i c  s t i m u l a t i o n  and 

i n  t h i s  r e g a r d  a r e  t y p i c a l  l ymph n o d e s .  T h i s  i s ,  h o w e v e r ,  

not  s u r p r i s i n g ,  s i n c e  t h e y  r e c e i v e  a f f e r e n t  l y m p h a t i c s  

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

t h r o u g h  whi ch t h e y  d r a i n  t h e  p e r i t o n e a l  c a v i t y .  I t  i s  

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

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

t h e  d e g r e e  o f  d e v e l o p me n t  o f  g e r m i n a l  c e n t r e s .  Nos s a l  and
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Ada C1 9 7 1 )  p o i n t e d  out  t h a t  t h e  f o r m a t i o n  o f  g e r m i n a l  

c e n t r e s  i n r a t s  i s  l e s s  common i n d i s t a l  l i mb n o d e s ,  but  

most  e v i d e n t  i n  m e s e n t e r i c  and m e d i a s t i n a l  n o d e s .  

I n g u i n a l ,  i l i a c  and l umbar  nodes occupy an i n t e r m e d i a t e

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

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

a n i m a l " .  S i m i l a r l y ,  haemol ymph nodes s h o u l d  n a t u r a l l y  show 

a v a r i a t i o n  i n t h e  number  and d e g r e e  o f  d e v e l o p me n t  o f

g e r m i n a l  c e n t r e s .  Some i n v e s t i g a t o r s  o f  haemol ymph nodes  

i n  g e n e r a l  ( Nop a j a r o o n s r i  e t  a l . ,  1 97 4 )  and o f  t h e  r e n a l  

haemol ymph nodes i n  p a r t i c u l a r  CLuk e t  a l . ,  1 9 7 3 ;  Kazeem,  

Rei d S S c o t h o r n e ,  1 9 8 2 )  have r e p o r t e d  t h e  g e r m i n a l  c e n t r e s  

t o  be e i t h e r  r a r e  or  a b s e n t ,  i . e .  a h y p o a c t i v e  n o d e .  Even 

i n  a t y p i c a l  l ymph n o d e ,  g e r m i n a l  c e n t r e s  a r e  not  a l ways  

p r e s e n t  ( Nop a j a r o o n s r i  e t  a l . ,  1 9 7 1 ) .  The s c a r c i t y  o f  

g e r m i n a l  c e n t r e s  i n t h e  r e n a l  haemol ymph node c o u l d  be due  

t o  t h e  e f f e c t  o f  t e s t i c u l a r  and a d r e n a l  hor mones ,  whi ch

r each  t h e  node v i a  l ymph f r om t h e s e  o r g a n s  ( Ka z e e m,  1 9 7 9 ) .  

The s p l e n i c  haemol ymph n o d e ,  on t h e  o t h e r  ha nd ,  c o n t a i n s  

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

a c t i v e  node ( A b b a s ,  1 9 8 4 ) .

The d i f f e r e n c e  i n  t h e  e x t e n t  and t h i c k n e s s  o f  t h e  

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

of  s e c t i o n  and p o s i t i o n  o f  t h e  s e c t i o n  i n  r e l a t i o n  t o  t h e  

node .  A l t e r n a t i v e l y ,  t h e s e  d i f f e r e n c e s  may r e f l e c t  

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

a n i m a l s ,  a t  t h e  t i m e  o f  d e a t h .

The m e d u l l a  o f  t h e  p a r a t h y m i c  haemol ymph n ode ,  as i n
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a t y p i c a l  n o d e ,  i s  made up o f  b r a n c h i n g  c o r d s  w i t h  l a r g e  

i n t e r v e n i n g  s i n u s e s .  L y mp h o c y t e s ,  p l asma  c e l l s  and 

ma c r o p h a g e s ,  w i t h  or  w i t h o u t  i n g e s t e d  e r y t h r o c y t e s ,  a r e  t h e  

main c e l l u l a r  t y p e s  f ound i n t h e  m e d u l l a r y  c o r d s .  Fr ee  

e r y t h r o c y t e s  a r e  r a r e  c o n s t i t u e n t s  o f  t h e s e  c o r d s .  The  

m e d u l l a r y  s i n u s e s  were l a r g e  and c o n t a i n e d  some f r e e  

e r y t h r o c y t e s ,  mast  c e l l s  and a bunda nt  ma c r o p h a g e s ,  each  

w i t h  many a t t a c h e d  e r y t h r o c y t e s  f o r m i n g  c h a r a c t e r i s t i c  

r o s e t t e s .  I n  g e n e r a l ,  t h e  u p t a k e  o f  p a r t i c l e s  by 

macr ophages  i n v o l v e s  two s t e p s :  a t t a c h m e n t  o f  t h e  p a r t i c l e

t o  t h e  c e l l  membr ane,  f o l l o w e d  by i t s  s u b s e q u e n t  i n g e s t i o n  

( R a b i n o v i t c h ,  1 9 6 7 ) .  I n  t h e  p r e s e n t  s t u d y ,  macr ophages

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

whi ch a r e  u l t i m a t e l y  e n g u l f e d  and p h a g o c y t o s e d  by t h e  

macr ophage  ( O l a h  & T o r o ,  1 9 7 0 ;  N o p a j a r o o n s r i  e t  a l . ,  1 9 7 4 ) .  

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

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

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

T y p i c a l  a f f e r e n t  and e f f e r e n t  l ymph v e s s e l s ,  

c o n t a i n i n g  homogeneous p r e c i p i t a t e  o f  l ymph p r o t e i n ,  have  

been r e c o g n i s e d  i n  t h e  m a j o r i t y  o f  p a r a t h y m i c  haemol ymph  

nodes exami ned  i n t h i s  s t u d y .  A l t h o u g h  t h e  e x i s t e n c e  o f  

e f f e r e n t s  i n t h e  haemol ymph nodes i s  g e n e r a l l y  a g r ee d  

( M a c M i l l a n ,  1 9 2 8 ;  Andr e a se n  & G o t t l i e b ,  1 9 4 6 ;  T u r n e r ,  1 9 6 9 ;  

N o p a j a r o o n s r i  e t  a l . ,  1 9 7 4 ) ,  t h e  p r e s e n c e  o f  a f f e r e n t s  has 

been d e n i e d  by T u r n e r  ( 1 9 6 9 )  and Ol ah and Tor o  ( 1 9 7 0 ) .  The 

e x i s t e n c e  o f  a f f e r e n t  l y m p h a t i c s  i n t h e  p a r a t h y m i c
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haemol ymph nodes was shown by bo t h  i n j e c t i o n  t e c h n i q u e s  as 

w e l l  as by m i c r o s c o p i c  e x a m i n a t i o n .  I t  i s  u s u a l l y  e a s i e r  

t o  f i n d  s l e n d e r ,  t h i n - w a l l e d  a f f e r e n t  l ymph v e s s e l s  when 

t h e y  a r e  seen un d e r  t h e  d i s s e c t i n g  m i c r o s c o p e ,  i n

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

s o u g h t ,  c o l l a p s e d  and e mp t y ,  i n s e c t i o n s .  T h i s  c o u l d  be 

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

s t u d i e s .  T u r n e r  ( 1 9 6 9 ) ,  i n h i s  e x t e n s i v e  s e a r c h ,  r e l i e d  

e x c l u s i v e l y  on s e r i a l  s e c t i o n s ;  i t  may a l s o  be t h a t  t h e

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

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

v e s s e l s .

I n  h i s t o l o g i c a l  s e c t i o n s ,  t h e  i d e n t i f i c a t i o n  o f

a f f e r e n t s  was based on t h e i r  s t r u c t u r e ,  c o n t e n t s  and t h e i r

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

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

whi ch r e s t s  on a l a y e r  o f  c o n n e c t i v e  t i s s u e .  An a d d i t i o n a l  

e x t e r n a l  l a y e r  o f  smooth musc l e  was p r e s e n t  i n l a r g e r

a f f e r e n t  l ymph v e s s e l s ,  whi ch i n d i c a t e s  a p o t e n t i a l  t o

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

lumen and t h e i r  l ong a x i s  i s  p a r a l l e l  t o  t h e  d i r e c t i o n  of  

l ymph f l o w .  T h i s  m o r p h o l o g i c a l  s t r u c t u r e  i s  s i m i l a r  t o

t h a t  o f  p e r i p h e r a l  l y m p h a t i c s  e l s e w h e r e  and f or ms  t h e  b a s i s  

by whi ch lymph v e s s e l s  a r e  d i f f e r e n t i a t e d  f r om a r t e r i e s  and 

v e i n s  C Y o f f e y  & Cour t  i c e ,  1 9 7 0 ;  Gnepp & G r e e n ,  1 9 7 9 ;

We i s s ,  1 9 8 3 ) .  The p r e s e n c e  o f  b i c u s p i d  v a l v e s ,  at  t h e

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

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



f i n d i n g s  a g r e e  w e l l  w i t h  t h e  e x i s t i n g  l i t e r a t u r e  on 

haemol ymph nodes o f  t h e  r a t  i n  g e n e r a l  ( M a c M i l l a n ,  1 9 2 8 ;  

N o p a j a r o o n s r i  e t  a l - ,  197 4 )  and a l s o  w i t h  t h e  p u b l i s h e d  

work on b o t h  r e n a l  haemol ymph nodes ( A n d r e a s e n  8 G o t t l i e b ,  

1 9 4 6 ;  Ka z eem,  Re i d  8 S c o t h o r n e ,  1 9 8 2 )  and s p l e n i c  

haemol ymph nodes ( A b b a s ,  1 9 8 4 ) .  N o p a j a r o o n s r i  e t  a l . ,  

( 1 9 7 4 ) ,  h o w e v e r ,  f ound a " f e w "  a f f e r e n t s  i n  t h e  haemol ymph  

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

p a r a t h y m i c  node r e c e i v e d  at  l e a s t  2 - 3  a f f e r e n t  l y m p h a t i c s  

and somet i mes  5 or  even mor e .  The a r gument  a g a i n s t  

N o p a j a r o o n s r i ' s  v i e w i s  t h a t ,  b r o a d l y  s p e a k i n g ,  lymph nodes  

r e c e i v e  a v a r i a b l e  number  o f  a f f e r e n t s  whi ch depend on t h e  

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

t h e y  a r e  o r d i n a r y  o r  haemol ymph n o d e s .  I n  a c o m p a r a t i v e  

s t u d y ,  P e a r c e  ( 1 9 8 1 )  e x a mi ned  t h e  number  o f  a f f e r e n t s  

p r e s e n t  i n  a t y p i c a l  l ymph node ( o f  t h e  f a c e )  and i n  a 

haemol ymph node ( a  r e n a l  n o d e ) .  She f ound t h a t  t h e  r e n a l  

node whi ch d r a i n s  t h e  t e s t i s ,  k i d n e y  and p o s s i b l y  t h e  

a d r e n a l  g l a n d  c o n t a i n s  t w i c e  t h e  number  o f  a f f e r e n t s  ( 4 - 8 )  

p r e s e n t  i n t h e  f a c i a l  node ( 2 - 4 ) ,  whi ch has a s m a l l  

d r a i n a g e  a r e a  ( i . e .  e a r  and i t s  s u r r o u n d i n g  s k i n ) .  Abbas 

( 1 9 8 4 ) ,  on t h e  o t h e r  ha nd ,  f ound t h a t  t h e  s p l e n i c  

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

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

whi ch i s  a l a r g e  o r g a n .  T h i s  was e x p l a i n e d  by t h e  f a c t  

t h a t  e f f e r e n t  l ymph f r om d i f f e r e n t  p a r t s  o f  t h e  s p l e e n  

e n t e r e d  s e p a r a t e  nodes ( u s u a l l y  3 - 4  haemol ymph n o d e s ) .
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Th u s ,  one node d r a i n s  a p p r o x i m a t e l y  one q u a r t e r  o f  t h e

s p l e e n ;  u n l i k e  t h e  r e n a l  haemol ymph node whi ch i s  a s i n g l e  

node and d r a i n s  a l a r g e  a r e a .  I n  t h i s  s t u d y ,  d i f f e r e n t  

p a r a t h y m i c  haemol ymph nodes r e c e i v e d  v a r i a b l e  numbers o f

a f f e r e n t s ,  e . g .  t h e  upper most  p a r a t h y m i c  node showed t w i c e

t h e  number  o f  a f f e r e n t s  ( 3 - 6 )  t h a n  t h a t  o f  any o t h e r  

p a r a t h y m i c  node ( 1 - 3 ) ;  b e a r i n g  i n  mind t h a t  t h i s  p a r t i c u l a r  

node r e c e i v e s  i t s  l ymph a l mo s t  e x c l u s i v e l y  f r om t h e  

d i a p h r a g m v i a  t h e  l a r g e  r e t r o s t e r n a l  l ymph t r u n k s .  The 

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

p o s i t i o n  ( 2 -A a f f e r e n t s ) .

I t  i s  e v i d e n t  f r om t h e  above d i s c u s s i o n  t h a t  t h e  

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

p a r a t h y m i c  haemol ymph node does not  d i f f e r  f r om t h a t  o f  a

t y p i c a l  l ymph n o d e ,  e x c e p t  t h a t  t h e  haemol ymph node i s  

c h a r a c t e r i s e d  by t h e  p r e s e n c e  o f  a bunda nt  e r y t h r o c y t e s  i n  

i t s  s i n u s e s .

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

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

e x p l a n a t i o n s  ( M a c M i l l a n ,  1 9 2 8 ;  Andr e a se n  & G o t t l i e b ,  1 9 4 6 ;  

T u r n e r ,  1 9 6 9 ;  Nop a j a r o o n s r i  e t  a l . ,  1 9 7 4 ) .

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

can be o f  i n t r a - n o d a l  or  e x t r a - n o d a l  o r i g i n ,  or  may a r i s e  

i n  bo t h  s i t e s .  Among t h e  p o s s i b l e  i n t r a - n o d a l  s o u r c e s  a r e  

( a )  e r y t h r o p o i e s i s ,  ( b )  d i r e c t  c o mmu n i c a t i o n  be t wee n  t h e  

v a s c u l a r  bed o f  t h e  haemol ymph node and t h e  l y m p h a t i c

s i n u s e s ,  and ( c )  d i a p e d e s i s  a c r o s s  t h e  w a l l  o f  t h e  b l o o d

c a p i l l a r i e s  and p o s t - c a p i l l a r y  v e n u l e s  o f  t h e  haemolymph
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n o d e .  The e x t r a - n o d a l  s o u r c e s  i n c l u d e  ( a )  e n t r y  by r e f l u x  

f r om t h e  venous  c i r c u l a t i o n  i n t o  e f f e r e n t  l ymph v e s s e l s ;  

and ( b )  v i a  a f f e r e n t  l y m p h a t i c s .  I n  l i g h t  o f  t h e  p r e s e n t  

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

i n  t h e  f o l l o w i n g  p a r a g r a p h s : -  

I NI RA- NODAL ORI GI N

 ̂a ̂  “ T h i s  has been r e p o r t e d  t o  o c c u r  i n

haemol ymph nodes o f  human ( W a r t h i n ,  1 9 0 1 )  and i n some 

a n i ma l  s p e c i e s ,  such as c a t t l e  ( W i n q u v i s t ,  1 954 )  and i n  

dogs and r a b b i t s  ( J o r d a n ,  1 9 2 6 ,  1 9 2 7 ) .  Ho we v e r ,  M a c M i l l a n  

( 1 9 2 8 )  and T u r n e r  ( 1 9 6 9 )  have s p e c i f i c a l l y  d e n i e d  t h a t  

e r y t h r o p o i e s i s  o c c u r s  i n  haemol ymph nodes o f  t h e  r a t ,  and 

o t h e r  a u t h o r s  who a l s o  s t u d i e d  t h e s e  nodes i n  t h e  r a t ,  have  

not  r e p o r t e d  t h e  p r e s e n c e  o f  e r y t h r o c y t e  p r e c u r s o r s  i n them 

( A n d r e a s e n  & G o t t l i e b ,  1 9 4 6 ;  N o p a j a r o o n s r i  e t  a I . ,  1 97 4 ;

Kazeem,  Rei d & S c o t h o r n e ,  1 9 8 2 ;  Abbas ,  1 9 8 4 ) .  I n  t h e  

p r e s e n t  s t u d y ,  e r y t h r o p o i e t i c  f o c i  or  b l a s t  c e l l s  have not  

been f ound i n  t h e  p a r a t h y m i c  haemol ymph nodes and t h e r e f o r e  

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

haemol ymph nodes o f  t h i s  s p e c i e s .

^k)  D i r e c t  c o mmu n i c a t i o n  be t wee n  n o d a l  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 u s e s  was s u g g e s t e d  by some e a r l y  a u t h o r s ,  

i n c l u d i n g  Lewi s  ( 1 9 0 2 ) .  I n  r e c e n t  y e a r s  t h i s  h y p o t h e s i s  

has been s u p p o r t e d  by T u r n e r  ( 1 9 6 9 )  who c o u l d  not  

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

r a t  haemol ymph n o d e s .  Howe v e r ,  t h e r e  i s  no c o n c l u s i v e  

e v i d e n c e  t h a t  t h e  b l o o d  v e s s e l s  o f  t h e  haemol ymph node open
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d i r e c t l y  i n t o  i t s  s i n u s e s .  F u r t h e r m o r e ,  t h e r e  a r e  good  

r e a s o n s  t o  deny t h e  e x i s t e n c e  o f  such c o m m u n i c a t i o n s :  1)

t h e  s i n u s e s  o f  t h e  p a r a t h y m i c  nodes e x ami ned  a f t e r  

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

p r o t e i n  p r e c i p i t a t e .  I f  a d i r e c t  l i n k  b e t wee n  v a s c u l a r  and 

l y m p h a t i c  sys t ems were  p r e s e n t  w i t h i n  t h e  haemol ymph n o d e ,  

one woul d e x p e c t  t h e  c o n t e n t s  o f  t h e  s i n u s e s  t o  be washed 

out  or  a t  l e a s t  d i l u t e d  a f t e r  p e r f u s i o n ;  2)  when c o l l o i d a l  

c a r b o n  i s  i n j e c t e d  i n t o  t h e  s y s t e m i c  c i r c u l a t i o n  ( T u r n e r ,  

1 9 6 9 ;  N o p a j a r o o n s r i  e t  a I . ,  197 4 )  o r  i n t o  t h e  venous

c i r c u l a t i o n  ( p r e s e n t  r e s u l t s ,  see t a b l e s  1 ,  2 & 3 ) ,  i t  does  

not  p e n e t r a t e  f r om b l o o d  v e s s e l s  i n t o  t h e  s i n u s e s  o f  t h e  

haemol ymph n o d e s .  T h i s  s u g g e s t s  t h a t  b l o o d  and lymph 

c i r c u l a t i o n  o f  t h e  haemol ymph node a r e  i n d e p e n d e n t  f rom  

each o t h e r ;  3)  s i n u s e s  o f  t h e  p a r a t h y m i c  haemol ymph nodes  

do not  c o n t a i n  t h e  c e l l u l a r  e l e m e n t s  o f  t h e  b l o o d ,  whi ch  

one woul d e x p e c t  t o  f i n d  i f  such a c o mmu n i c a t i o n  d i d  e x i s t .  

N o p a j a r o o n s r i  e t  a l .  ( 1 9 7 4 )  d i d  not  f i n d  p o l y mor phs  i n  t h e  

s i n u s e s  o f  t h e  haemol ymph nodes e i t h e r .  A l l  t h i s  e v i d e n c e  

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

p a r a t h y m i c  haemol ymph nodes a r e  s e p a r a t e  f r om t h e  b l o o d -  

v a s c u l a r  s y s t e m,  and t h a t  s i n u s o i d a l  e r y t h r o c y t e s  a r e  not  

d e r i v e d  d i r e c t l y  f r om i n t r a - n o d a l  b l o o d  v e s s e l s .

( c )  & i 3E§c!es i s " MD i a p e d e s i s "  of  e r y t h r o c y t e s  a c r o s s  t h e  

w a l l  o f  b l o o d  v e s s e l s  i s  b e l i e v e d  t o  be a p a s s i v e  movement  

whi ch u s u a l l y  f o l l o w s  t h e  pa ssage  o f  a w h i t e  b l o o d  c e l l  

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

a c t i v e  " e m i g r a t i o n "  o f  w h i t e  c e l l s  such as l y mp h o c y t e s
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whi ch a r e  m o b i l e  c e l l s  and can pass out  o f  b l o o d  v e s s e l s  by 

a c t i v e  amoeboi d movements ( W a l t e r  & I s r a e l ,  1 9 7 9 ) .  

N o p a j a r o o n s r i  e t  a I . ( 1 9 7 4 )  c l a i m e d  t h a t  e r y t h r o c y t e s  e n t e r  

t h e  s i n u s e s  o f  haemol ymph nodes by i n t r a - n o d a l  d i a p e d e s i s  

t h r o u g h  t h e  w a l l s  o f  s m a l l  n o d a l  b l o o d  v e s s e l s .  They based  

t h e i r  h y p o t h e s i s  on two e l e c t r o n  m i c r o g r a p h s  showi ng t h e  

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

h i gh  e n d o t h e l i a l  v e n u l e .  They a l s o  pr esumed t h e  d i r e c t i o n  

of  m i g r a t i o n  t o  be f r om t h e  b l o o d  v e s s e l s  t o  l y m p h a t i c  

s i n u s e s  and ,  w i t h o u t  any q u a n t i t a t i v e  s t u d i e s ,  c o n c l u d e d  

t h a t  a l l  e r y t h r o c y t e s  e n t e r  t h e  haemol ymph nodes by t h i s  

r o u t e .  The p r e s e n t  i n v e s t i g a t i o n ,  h o w e v e r ,  does not  g i v e  

s u p p o r t  t o  t h e  v i e w  o f  N o p a j a r o o n s r i  e t  a I . ( 1 9 7 4 ) .  Two

mai n q u e s t i o n s  must  be d i s c u s s e d :  E i l § t l y ,  do most  o f  t h e

e r y t h r o c y t e s  f ound i n  haemol ymph nodes e n t e r  t h e  s i n u s e s  by 

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

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

v e n u l e s ?  S e c o n d l y ,  do e r y t h r o c y t e s  a c c u m u l a t e  i n  l a r g e  

numbers i n t h e  l ymphoi d  t i s s u e  i m m e d i a t e l y  s u r r o u n d i n g  

n o d a l  b l o o d  v e s s e l s ,  as one woul d e x p e c t  them t o  i f  i n t r a -  

n o d a l  d i a p e d e s i s  was t h e  main r o u t e  o f  e n t r y ?  

L y mp h o c y t e s ,  whi ch f or m p a r t  o f  t h e  r e c i r c u l a t i n g  p o o l ,  

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

b l o o d  t o  lymph s t r e a m ( Gowans,  1 9 5 9 ;  Gowans & K n i g h t ,  

1 9 6 4 ) .  These m i g r a t i n g  l y mp h o c y t e s  a r e  seen l y i n g  s i n g l y  

or  i n c l u s t e r s  i n t h e  w a l l  ( Y o f f e y  & Co u r t  i c e ,  1 9 7 0 ) .  As 

me n t i o n e d  i n  t h e  r e s u l t s ,  a l a r g e  number  o f  l ymp h o c y t e s
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were o b s e r v e d  i n  t h e  w a l l  o f  h i gh  e n d o t h e l i a l  v e n u l e s  of  

t h e  p a r a t h y m i c  haemol ymph n o d e .  Ho we v e r ,  no a c c u m u l a t i o n s  

o f  e r y t h r o c y t e s  were  p r e s e n t  ar ound n o d a l  b l o o d  v e s s e l s ,  

nor  were  " s t r e a m s "  o f  e r y t h r o c y t e s  o b s e r v e d  p a s s i n g  f r om  

hi gh  e n d o t h e l i a l  v e n u l e s  t o  l y m p h a t i c  s i n u s e s .  S i m i l a r l y ,  

i n  i n t r a v e n o u s l y  i n j e c t e d  a n i m a l s ,  c a r b o n  p a r t i c l e s  d i d  not  

c r o s s  t h e  w a l l s  o f  h i g h  e n d o t h e l i a l  v e n u l e s  at  any t i me  

d u r i n g  t h e  f u l l  e x p e r i m e n t  ( a  d u r a t i o n  o f  14 d a y s ) ,  nor  

were t h e y  f ound i n  t h e  s u r r o u n d i n g  t i s s u e .

The v i r t u a l  absence  o f  e r y t h r o c y t e s  and ca r bon  

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

t h e i r  e x t r e me  r a r i t y  o u t w i t h  n o d a l  b l o o d  v e s s e l s  and i n  t h e  

l ymphoi d  p a r e n c h y ma ,  make i t  h i g h l y  u n l i k e l y  t h a t  i n t r a -  

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

e n t r y  i n t o  t h e  p a r a t h y m i c  haemol ymph n o d e s .  P r e v i o u s  

i n v e s t i g a t i o n s  on t h e  r e n a l  ( Ka z e e m,  1 9 7 9 ;  P e a r c e ,  1 981 )  

and s p l e n i c  haemol ymph nodes o f  t h e  r a t  ( A b b a s ,  1984 )  have  

y i e l d e d  s i m i l a r  r e s u l t s .

EXJRA^NODAL SOURCES:

( a ) E n t r y  by r e f l u x  o f  b l o o d  i n t o  e f f e r e n t  I y mg h a 1 1 c s : I n

1915 and 1 9 1 8 ,  Job d e s c r i b e d ,  i n  t h e  r a t ,  t h e  p r e s e n c e  o f  

c o n n e c t i o n s  be t wee n  c e r t a i n  a b d o mi n a l  l y m p h a t i c s  and 

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

venous c o mmu n i c a t i o n s  be t we e n  t h e  t h o r a c i c  and r i g h t  

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

r e s p e c t i v e l y .  I t  i s  not  uncommon t o  f i n d  t h e  t e r m i n a l  

p o r t i o n  ( 2 - 3 c m)  o f  t h e  t h o r a c i c  d u c t  c o l o u r e d  w i t h  b l o o d  i n  

human c a d a v e r s  ( Y o f f e y  & Cour t  i c e ,  1 9 7 0 ) .  On t h e  b a s i s  o f
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J o b ' s  o b s e r v a t i o n s ,  And r e a s e n  and G o t t l i e b  ( 1 9 4 6 )  s u g g e s t e d  

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

r e n a l  haemol ymph nodes was due t o  r e f l u x  o f  b l o o d  f r om t h e  

r e n a l  v e i n  i n t o  t h e  node v i a  i t s  e f f e r e n t  l ymph c h a n n e l s .  

Howe ve r ,  t h i s  p o s s i b i l i t y  has a l r e a d y  been d e n i e d ,  

r e c e n t l y ,  by Kazeem ( 1 9 7 9 )  and by Abbas ( 1 9 8 4 )  who s t u d i e d  

t h e  r e n a l  and s p l e n i c  haemol ymph nodes r e s p e c t i v e l y .  I n  

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

f r om a l l  i n j e c t e d  p a r a t h y m i c  haemol ymph nodes a l wa y s  

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

p r e s e n c e  i n  them o f  c o mp e t e n t  v a l v e s  d i r e c t e d  away f r om t h e  

nodes woul d t e n d  t o  p r e v e n t  r e f l u x  o f  b l o o d .  M o r e o v e r ,  t h e  

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

e f f e r e n t s  o f  a l l  t h e  nodes e x a mi n e d ,  speaks  a g a i n s t  r e f l u x  

o f  b l o o d  i n t o  t h e  n o d a l  s i n u s e s .  A d d i t i o n a l  e v i d e n c e  

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

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

p e r f u s i o n - f i x a t i o n  and t h e  a bsence  o f  a l l  t h e  f or med

e l e me n t s  o f  b l o o d  i n t h e s e  v e s s e l s  and f r om t h e  lymph

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

of  d i s t r i b u t i o n  o f  e r y t h r o c y t e s  i n t h e  nodes i s  t h e  v e r y  

o p p o s i t e  o f  what  woul d be e x p e c t e d  i f  t h i s  h y p o t h e s i s  was 

t r u e ,  b e ca us e  f r e e  e r y t h r o c y t e s  a r e  most  abunda nt  i n t he  

s u b c a p s u l a r  s i n u s ,  and g r a d u a l l y  become f e w e r  i n  number  as 

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

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

t h e  above p o i n t e r s  r e duce  t h e  l i k e l i h o o d  t h a t  e r y t h r o c y t e s
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e n t e r  t h e  p a r a t h y m i c  haemol ymph nodes t h r o u g h  e f f e r e n t  

l y m p h a t i c s .

( b )  E n t r y  v_i a a f f e r e n t  lyrngh v e s s e l s :  The r e s u l t s  o f  t h e

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

t h e  p a r a t h y m i c  haemol ymph nodes a r e  p r i n c i p a l l y  d e r i v e d  

f r om an e x t r i n s i c  s o u r c e  and e n t e r  t h e  nodes v i a  a f f e r e n t  

l ymph v e s s e l s .  The main e v i d e n c e  s u g g e s t i n g  t h i s  i s  as 

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

haemol ymph n o d e s ,  i d e n t i f i e d  by h a v i n g  b i - c u s p i d  v a l v e s  

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

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

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

f r e e  e r y t h r o c y t e s  whi ch commonly l i e  i n  c o n t a c t  w i t h  t h e  

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

t h e  i n f l o w i n g  l ymph.  An e x c e p t i o n a l l y  l a r g e  number  o f  

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

i n t o  t h e  s u b c a p s u l a r  s i n u s  ( F i g s .  6 & 9 ) .

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

s i n u s e s  a r e  m o s t l y  a t t a c h e d  t o ,  or  e n g u l f e d  by s i n u s  

mac r ophages ;  a l t h o u g h  some a r e  a l s o  seen l y i n g  f r e e l y .  The 

e f f e r e n t  l ymph v e s s e l s  u s u a l l y  c o n t a i n  few f r e e  

e r y t h r o c y t e s  and no m a c r o p h a g e - e r y t h r o c y t e  r o s e t t e s .

S c a t t e r e d  e r y t h r o c y t e s  a r e  o c c a s i o n a l l y  seen i n  t h e  

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

I n  t h e  m a j o r i t y  o f  t h e  p a r a t h y m i c  haemol ymph node s ,  

e r y t h r o c y t e s  and m a c r o p h a g e - e r y t h r o c y t e  r o s e t t e s  ar e

u n i f o r m l y  d i s t r i b u t e d ,  but  i n  some nodes t h e i r  d i s t r i b u t i o n  

was p o l a r i s e d .  I n  t h e s e ,  one p o l e  o f  t h e  node c o n t a i n s
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many e r y t h r o c y t e s  and r o s e t t e s ,  w h i l e  t h e  o p p o s i t e  p o l e  had 

few or  none at  a l l .  T h i s  f o c a l  d i s t r i b u t i o n  i s  r e l a t e d  t o  

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

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

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

s i n u s e s .  T h i s  i s  s u p p o r t e d  by t h e  f i n d i n g  t h a t  some 

p a r a t h y m i c  haemol ymph n o d e s ,  on s t e r e o - s c o p i c  e x a m i n a t i o n ,  

show p a t c h y  red c o l o u r a t i o n ,  w i t h  ( i n j e c t e d )  a f f e r e n t  

l y m p h a t i c s  o p e n i n g  i n t o  t h e  red a r e a s  ( F i g .  2 0 ) .

T u r n e r  ( 1 9 6 9 ) ,  Ol ah and Tor o  ( 1 9 7 0 )  and N o p a j a r o o n s r i  

e t  a l .  ( 1 9 7 4 )  have d e n i e d  t h a t  e r y t h r o c y t e s  e n t e r  t h e  

haemol ymph node t h r o u g h  a f f e r e n t  l ymph v e s s e l s .  The f i r s t  

two a u t h o r s ,  be c a u s e  t h e y  d i d  not  f i n d  a f f e r e n t  lymph 

v e s s e l s ,  and N o p a j a r o o n s r i  e t  a l . ,  b e ca us e  t h e y  d i d  not  see  

e r y t h r o c y t e s  i n t h e  " f e w 1' a f f e r e n t s  t h e y  d e s c r i b e d .  The 

e x i s t e n c e  o f  a f f e r e n t  l ymph v e s s e l s  i n  t h y mi c  nodes o f  t h e  

r a t  was r e p o r t e d  by H i g g i n s  ( 1 9 2 5 ) ,  M a c M i l l a n  ( 1 9 2 8 ) ,  

T i l n e y  ( 1 9 7 1 )  and N o p a j a r o o n s r i  e t  a l .  ( 1 9 7 4 ) ;  and t h e y  

have been d e m o n s t r a t e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  by bo t h  

i n j e c t i o n  t e c h n i q u e s ,  as w e l l  as by m i c r o s c o p i c  

e x a m i n a t i o n .

P o s t - c a p i l l a r y ,  or  h i gh  e n d o t h e l i a l ,  v e n u l e s  i n l ymph 

nodes a r e  u n i q u e  among b l o o d  v e s s e l s ,  i n  b e i n g  composed o f  

hi gh c o l u mn a r  e n d o t h e l i u m  and p e r m i t t i n g  r a p i d  m i g r a t i o n  o f  

l y mp h o c y t e s  t h r o u g h  t h e i r  w a l l s  (Gowans S K n i g h t ,  1 9 6 4 ) .  

I t  has been c l a i m e d  by T u r n e r  ( 1 9 6 9 )  and N o p a j a r o o n s r i  e t  

a l .  ( 1 9 7 4 ) ,  who bo t h  s t u d i e d  haemol ymph nodes i n t h e  r a t ,
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t h a t  c a r bon  i n j e c t e d  i n t r a v e n o u s l y  can r e ac h  n o d a l  s i n u s e s  

by t r a v e r s i n g  t h e  w a l l s  o f  h i gh  e n d o t h e l i a l  v e n u l e s  s h o r t l y  

a f t e r  i n j e c t i o n  ( 1 0  mi n u t e s  and one mi n u t e  r e s p e c t i v e l y )  

( s e e  T a b l e  3 ) .  T h i s  v e r y  e a r l y  a p p e a r a n c e  o f  c a r bon  deep  

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

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

o b s e r v e d  l ed  N o p a j a r o o n s r i  e t  a l .  ( 1 9 7 4 )  t o  b e l i e v e  t h a t

t h e  pas s a ge  o f  c a r bon  p a r t i c l e s  d i d  o c c u r  w i t h i n  t h e  n o d e ,  

i . e .  by d i a p e d e s i s  t h r o u g h  i n t r a - n o d a l  b l o o d  v e s s e l s ;  and 

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

t h e  s i n u s e s  o f  t h e s e  haemol ymph n o d e s .

I n  t h e  p r e s e n t  s t u d y ,  we have t e s t e d  t h i s  h y p o t h e s i s  

by c o mp a r i n g  t h e  s i t e  and r a t e  o f  e n t r y  i n t o  t h e  p a r a t h y m i c  

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

i n t r a v e n o u s l y  or  i n t r a p e r i t o n e a l l y ,  w i t h  t h e  a n i ma l s  b e i n g  

k i l l e d  at  v a r i o u s  t i m e  i n t e r v a l s  ( s e e  T a b l e s  1 & 2 ) .  The

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

e n t e r e d  t h e  nodes r a p i d l y  and i n  l a r g e  q u a n t i t i e s  v i a  t h e  

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

s u b c a p s u l a r ,  i n t e r m e d i a t e  and m e d u l l a r y  s i n u s e s .  Car bon  

i n j e c t e d  i n t r a v e n o u s l y  r e ac h e d  t h e  nodes much more s l o w l y

and i n  much s m a l l e r  a mount s ,  but  t h e  p a t t e r n  o f

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

i n t o  t h e  i n t e r m e d i a t e  and m e d u l l a r y  s i n u s e s .  At no t i me  

d u r i n g  t h e  e x p e r i m e n t ,  was any c a r bon  f ound i n  t h e  c e l l s  

l i n i n g  h i gh  e n d o t h e l i a l  v e n u l e s ,  nor  i n  t h e  v i c i n i t y  of  

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

i n j e c t e d  ca r bon  p a r t i c l e s  e n t e r  t h e  node i n d i r e c t l y ^  by way



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

t h e  w a l l s  o f  i n t r a - n o d a l  b l o o d  v e s s e l s  ( T a b l e  3 ) ,  T h i s

e v i d e n c e ,  i n  a d d i t i o n  t o  t h e  above m e n t i o n e d  h i s t o l o g i c a l  

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

e r y t h r o c y t e s  f ound i n  abundance  i n  t h e  s i n u s e s  o f  

haemol ymph nodes a r e  o f  e x t r i n s i c  o r i g i n  and e n t e r  t h e

nodes by a p e r i p h e r a l  l y m p h a t i c  r o u t e .

On t h e  g r ounds  o f  t h e s e  f i n d i n g s ,  i t  i s  c o n c l u d e d  

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

haemol ymph nodes t h r o u g h  t h e  a f f e r e n t  l ymph v e s s e l s .

The n e x t  l o g i c a l  q u e s t i o n  r e l a t e s  t o  t h e  o r i g i n  o f  

e r y t h r o c y t e s  f ound i n  t h e s e  a f f e r e n t  l ymph v e s s e l s .  T h i s  

c o u l d  be due t o  ( i )  h a e mor r ha ge  i n  t h e  a r e a  d r a i n e d  by t h e  

a f f e r e n t  l ymph v e s s e l s ,  or  ( i i )  d i r e c t  c o mmu n i c a t i o n  

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

b l o o d  v e s s e l s  o u t s i d e  t h e  n o d e ,  or  ( i i i )  esc ape  of  

e r y t h r o c y t e s  ( by  d i a p e d e s i s )  f r om t h e  b l o o d  v a s c u l a r  

s y s t e m,  o u t s i d e  t h e  n o d e ,  and s u b s e q u e n t  e n t r y  i n t o  t h e  

t r i b u t a r i e s  o f  t h e  a f f e r e n t  l ymph v e s s e l s .

( i )  A l l  t h e  r a t s  exa mi ned  b e l o n g e d  t o  a c l o s e  i n - b r e d

c o l o n y  i n  t h e  D e p a r t m e n t ,  and a l l  were  s e l e c t e d  at  r andom,  

f r om a p p a r e n t l y  h e a l t h y  s t o c k .  An i ma l s  were k i l l e d  e i t h e r  

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 ,  or  by i n t r a v e n o u s  

i n j e c t i o n  o f  Nembut a l  ( s o d i u m p e n t a b a r b i t o n e ) ,  whi ch  

e x c l u d e s  t h e  p o s s i b i l i t y  o f  h a emor r ha ge  due t o  p h y s i c a l  

t r a u m a .  M a c r o s c o p i c  e x a m i n a t i o n  d i d  not  r e v e a l  any s i g n s  

o f  a bnor ma l  b l e e d i n g  i n  t h e  v i c i n i t y  o f  t h e  p a r a t h y m i c
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n o d e s ,  nor  i n  t h e  n e i g h b o u r i n g  o r g a n s  ( t h y m u s ,  h e a r t  and 

L u n g s ) .  T h u s ,  i t  i s  u n l i k e l y  t h a t  h a e mo r r h a g e  was

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

a f f e r e n t  l ymph v e s s e l s .  M o r e o v e r ,  t h e  f a c t  t h a t  t h e  

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

haemol ymph v a r i e t y  ( T u r n e r ,  1 9 6 9 ,  1 9 7 0 ,  1 9 7 1 ;  Ol ah & T o r o ,  

1 9 7 0 ;  N o p a j a r o o n s r i  e t  a l . ,  1 9 7 4 )  i s  c o n s i s t e n t  w i t h  t h e  

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

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

( i i )  I f  a d i r e c t  l i n k  b e t we e n  t h e  t r i b u t a r i e s  o f  t h e  

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

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

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

N o p a j a r o o n s r i  e t  a l .  ( 1 9 7 4 )  have d e n i e d  t h e  p r e s e n c e  o f  

po l y mo r p h s  i n  t h e  s i n u s e s .  The e x i s t e n c e  o f  such a l i n k  i s  

a l s o  r e n d e r e d  u n l i k e l y  by t h e  f i n d i n g  t h a t ,  a f t e r  v a s c u l a r  

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

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

b l o o d  v e s s e l s  whi ch a r e  e mpt y .

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

p a r a t h y m i c  haemol ymph nodes do not  a r i s e  f r om ha e mor r ha ge  

or  d i r e c t  e n t r y  o f  b l o o d  f r om e x t r a - n o d a l  b l o o d  v e s s e l s ,  

t h e y  a r e  most  l i k e l y  t o  e n t e r  t h e s e  v e s s e l s  i n  t h e  lymph 

s t r e a m f r om one or  more o r gans  whi ch t h e s e  v e s s e l s  d r a i n .  

Bot h t h e  r e n a l  and s p l e n i c  haemol ymph nodes have been shown 

t o  r e c e i v e  e r y t h r o c y t e s  f r om r e n a l  and s p l e n i c  lymph 

r e s p e c t i v e l y  ( Ka z e e m,  Rei d & S c o t h o r n e ,  1 9 8 2 ;  Kazeem & 

S c o t h o r n e ,  1 9 8 2 ;  Hogg,  Re i d  & S c o t h o r n e ,  1 9 8 2 ;  Abbas ,  Rei d
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& S c o t h o r n e ,  1 9 8 3 ) .  Four  o r ga ns  were i n v e s t i g a t e d  as

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

p a r a t h y m i c  haemol ymph nodes:  d i a p h r a g m ,  t h y mu s ,  h e a r t  and

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

t h r e e  d i f f e r e n t  met hods ;  d i r e c t  s u b c a p s u l a r  or  s u b s e r o s a l  

i n j e c t i o n  o f  t h e  d y e ,  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 ,  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  o f  d i l u t e d  i n d i a  

i nk  ( s e e  C h a p t e r  I V ) ;  b o t h  t h e  second and t h i r d  met hods  

were f o l l o w e d  by p e r f u s i o n .  R e s u l t s  o b t a i n e d  by t h e s e  

t h r e e  d i f f e r e n t  t e c h n i q u e s  were s i m i l a r .

1 .  DI APHRAGM: -

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  d i a p h r a g m ,  and t h e i r  

l ymph d r a i n a g e  r o u t e s ,  were o u t l i n e d  i n  e i g h t e e n  a n i ma l s

a f t e r  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 mi n e  sky b l u e  and i n

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

i n d i a  i n k ,  bo t h  f o l l o w e d  by v a s c u l a r  p e r f u s i o n  whi ch made

t h e  d i s t i n c t i o n  be t wee n  d y e - f i l l e d  l y m p h a t i c s  and empty  

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

t h e  d i a p h r a g m were shown by d i r e c t  s u b p e r i t o n e a l  i n j e c t i o n

o f  i n d i a  i nk  i n s i x  a n i m a l s .

L o c a l  i n j e c t i o n  o f  t h e  dye d e m o n s t r a t e s  t h e  lymph

v e s s e l s  o f  t h e  r e g i o n  whi ch i s  i n j e c t e d ,  w h i l e  i n t r a v e n o u s

and i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  shows a l l  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  at  t h e  same t i m e .  These  

l y m p h a t i c s  a l way s  d r a i n e d  i n t o  t h e  red or  p i n k  c o l o u r e d  

nodes l y i n g  i n  t h e  v i c i n i t y  o f  t h e  thymus and a l s o  i n t h e

r e t r o p e r i t o n e u m  a d j a c e n t  t o  t h e  c i s t e r n a  c h y l i .  When t h e
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node showed p o l a r i t y  o f  red c o l o u r a t i o n ,  l y m p h a t i c  t r u n k s  

o f  t h e  d i a p h r a g m opened i n t o  t h e  red p a r t  o f  t h e  node ( F i g .  

20 ) .

The p r i n c i p a l  r e g i o n a l  l ymph d r a i n a g e  f r om t h e

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

nodes by way o f  t h e  r e t r o s t e r n a l  and p a r a v e r t e b r a l  lymph 

t r u n k s  r e s p e c t i v e l y ;  and a l s o  r e ac he d  t h e  c i s t e r n a l  node by 

t h e  r e t r o p e r i t o n e a l  l y m p h a t i c  t r u n k s  ( F i g s .  1 0 3 - 1 0 7 ) .  The 

o b s e r v a t i o n s  o f  O l i n  and S a l d e e n  ( 1 9 6 4 )  by 

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

( 1 9 7 1 )  and S a l d e e n  ( 1 9 6 3 )  have shown s i m i l a r  r e s u l t s  i n t h e  

r a t .  S u r p r i s i n g l y ,  h o w e v e r ,  t h e s e  a u t h o r s  f a i l e d  t o

comment  on t h e  red c o l o u r a t i o n  o f  t h e s e  r e g i o n a l  n o d e s .

2 .  IHYMUS GLAND: -

Bot h t e c h n i q u e s  o f  d i r e c t  i n j e c t i o n s  ( i n  s i x  a n i m a l s )  

and 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 mi n e  sky b l u e  f o l l o w e d  by 

v a s c u l a r  p e r f u s i o n  ( i n  18 a n i m a l s ) ,  f a i l e d  t o  d e m o n s t r a t e  

t h e  l y m p h a t i c  d r a i n a g e  o f  t h e  thymus g l a n d .  Howe ve r ,  

T i l n e y  ( 1 9 7 1 )  has r e p o r t e d  t h a t  t h e  thymus d r a i n s  i n t o  t h e  

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

does not  me n t i o n  t h e i r  r e d d i s h  c o l o u r a t i o n .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  i t  was i n d i r e c t l y

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

p a r a t h y m i c  haemol ymph n o d e s ,  i n o r d e r  t o  d e m o n s t r a t e  t h e i r  

e f f e r e n t  d r a i n a g e ,  o c c a s i o n a l  r e f l u x  o f  t h e  i n j e c t e d  dye  

p a r t i a l l y  f i l l e d  a few a f f e r e n t  lymph v e s s e l s .  When t h e s e  

a f f e r e n t s  were t r a c e d  un d e r  t h e  d i s s e c t i n g  m i c r o s c o p e ,  i n  a 

r e t r o g r a d e  d i r e c t i o n ,  t h e y  were f ound t o  come f rom t h e
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t hymus g l a n d .  When t h i s  o c c u r r e d ,  t h e s e  lymph v e s s e l s  were  

o b s e r v e d  t o  open i n t o  e i t h e r  a c o m p l e t e  p a l e  t h y mi c  node  

o r ,  when t h e  node e x h i b i t e d  red p o l a r i t y ,  i n t o  i t s  p a l e  

p a r t .

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

much d e b a t e d  ( s e e  C h a p t e r  I I I ) .  The r e s u l t s  i n d i c a t e  t h a t  

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

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

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

Howe ve r ,  t h e  t h y mi c  l y m p h a t i c s  a r e  s p a r s e  and s m a l l

compared w i t h  t h o s e  o f  l ymphoi d  o r g a n s .  T h i s  mi ght  e x p l a i n  

t h e  d i f f i c u l t y  o f  i n j e c t i n g  and t r a c i n g  t h e  e f f e r e n t  l ymph 

d r a i n a g e  f r om t h e  g l a n d .  M o r e o v e r ,  t h e  r e s u l t s  o f  s e r i a l  

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

of  t h e  t hymus showed t h e  absence  o f  numerous e r y t h r o c y t e s  

i n  t h e  r e l a t i v e l y  few t h y mi c  l y m p h a t i c s .  Onl y  o c c a s i o n a l  

e r y t h r o c y t e s  were o b s e r v e d  i n  some o f  t h e  b l o c k s ,  w h i l e  t h e  

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

l y m p h o c y t e s .  T h i s  i s  u n l i k e  t h e  r e n a l  and s p l e n i c  lymph 

whi ch c o n t a i n e d  a bundant  e r y t h r o c y t e s  whi ch p r o v e d  t o  be 

t h e  main s o u r c e  o f  s i n u s  e r y t h r o c y t e s  f ound i n  t h e i r  

r e g i o n a l  haemol ymph nodes ( Ho g g ,  Rei d 8 S c o t h o r e n ,  1 9 8 2 ;  

Abbas ,  Rei d 8 S c o t h o r n e ,  1 9 8 3 ) .  I f ,  s i m i l a r l y ,  t h y mi c

lymph i s  t h e  main s o u r c e  o f  e r y t h r o c y t e s  t o  t h e  p a r a t h y m i c  

haemol ymph n o d e s ,  one woul d e x p e c t  t o  f i n d  numerous  

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

u n l i k e l y  t h a t  t h e  thymus g l a n d  i s  t h e  ma j o r  s o u r c e  of

102



e r y t h r o c y t e s  i n t h e  a f f e r e n t s  t o  t h e  p a r a t h y m i c  haemol ymph  

n o d e s .

3 .  HEART: -

Lymph v e s s e l s  o f  t h e  h e a r t  were  made v i s i b l e  by 

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

ended by d i v i d i n g  i n t o  two t e r m i n a l  b r a n c h e s  whi ch e n t e r e d  

t h e  p o s t e r i o r  m e d i a s t i n a l  and t h e  l ower most  p a r a t h y m i c  

nodes r e s p e c t i v e l y .  These nodes were p a l e  i n  a p p e a r a n c e ,  

but  when one node d i s p l a y e d  p o l a r i t y  o f  red c o l o u r a t i o n ,  

t h e  l y m p h a t i c s  f r om t h e  h e a r t  were seen e n t e r i n g  t h e  p a l e  

p a r t  o f  t h e  node ( F i g .  2 2 ) .

4 .  LUNG: -

Lymph v e s s e l s  o f  t h e  l ung were  s t u d i e d  by d i r e c t  

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

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

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

t h e  a n i ma l s  e x a mi n e d ,  t h i s  node showed red p o l a r i t y .  Lymph 

v e s s e l s  f r om t h e  h i l u m o f  t h e  l ung opened i n t o  t h e  p a l e  

p a r t  o f  t h e  node ,  w h i l e  t h e  red p a r t  was r e s e r v e d  f o r  t h o s e  

l y m p h a t i c s  f r om t h e  d i a p h r a g m ( p a r a v e r t e b r a l  l ymph t r u n k ) .

The above r e s u l t s  show t h a t  o n l y  t h e  d i a p h r a g m d r a i n s  

i n t o  t h e  p a r a t h y m i c  and p o s t e r i o r  m e d i a s t i n a l  ( haemol ymph)  

nodes wher eas  t h e  h e a r t  and l ung d r a i n  i n t o  o r d i n a r y  g r e y -  

c o l o u r e d  members o f  t h e s e  gr oups  or  i n t o  p a l e  p a r t s  o f  t h e  

nodes whi ch d i s p l a y  p o l a r i t y  o f  red c o l o u r a t i o n .  T hus ,  out  

o f  t h e  f o u r  p o s s i b i l i t i e s  e x a mi n e d ,  t h e  d i a p h r a g m r e ma i ns  

t h e  most  l i k e l y  s o u r c e  o f  e r y t h r o c y t e s  i n t h e  a f f e r e n t  

l y m p h a t i c s  o f  t h e  p a r a t h y m i c  haemol ymph n o d e s .  T h i s  v i ew
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i s  a l s o  s u p p o r t e d  by t h e  f o l l o w i n g  f i n d i n g s : -

( i )  Red c o l o u r a t i o n  o f  t h e  p a r a t h y m i c  nodes seems t o  

depend on w h e t h e r  t h e y  r e c e i v e  lymph f r om t h e  d i a p h r a g m or  

n o t .  T h u s ,  t h e  uppe r most  p a r a t h y m i c  n o d e ,  whi ch c o n s t a n t l y  

d r a i n s  t h e  a n t e r i o r  d i a p h r a g m v i a  t h e  mai n r e t r o s t e r n a l  

l ymph t r u n k ,  i s  c o n s i s t e n t l y  t h e  most  red i n t h e  g r o u p .  

S i m i l a r l y ,  t h e  c i s t e r n a l  n o d e ,  whi ch commonly d r a i n s  t h e  

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

r e d ,  but  l e s s  so .  O t h e r  members o f  t h e  p a r a t h y m i c  gr oup  

and a l s o  t h e  p o s t e r i o r  m e d i a s t i n a l  node gr oup  have l i t t l e  

r e d n e s s ,  and even t h a t  may be c o n f i n e d  t o  o n l y  one p o l e  

whi ch d r a i n s  t h e  d i a p h r a g m .

( i i )  I n  some n o d e s ,  l ymph v e s s e l s  o f  t h e  d i a p h r a g m d r a i n  

s e l e c t i v e l y  i n t o  t h e  red a r e a s  o f  t h e  node ( t h e  r e s t  o f  t h e  

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

l ymph d r a i n a g e  f r om e i t h e r  t h e  t h y mu s ,  l u n g ,  h e a r t ,  o r  a l l  

( F i g s .  20 & 2 2 ) .

( i i i )  Ma c r o s c o p i c  and m i c r o s c o p i c  r e s u l t s  o f  

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  dye c o n f i r m s  t h e  above  

o b s e r v a t i o n s .  The p a t t e r n  o f  d i s t r i b u t i o n  o f  dye i n t h e  

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

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

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

t h e  s i n u s e s  o f  t h e  same node .

( i v )  I n  t h e  l i t e r a t u r e ,  t h e r e  i s  abunda nt  t e s t i m o n y  t o  t h e  

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

d i a p h r a g m a t i c  l y m p h a t i c s  f r om t h e  p e r i t o n e a l  c a v i t y  i n
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human and a n i m a l s  ( B u x t o n  & T o r r e y ,  1 9 0 6 ;  B o l t o n ,  1 9 2 1 ;  

Cunni ngha m,  1 9 2 2 ;  A l l e n ,  1 9 3 6 ;  H e d e n s t e a d t ,  1 9 4 7 ;  S i m e r ,  

1 9 4 8 ;  C o u r t i c e  & S t e i n b e c k ,  1 9 5 0 ;  B e t t e n d o r f ,  1 9 7 8 ;  Leak & 

R a h i l ,  1 9 7 8 ) .  I n  r a t s ,  t h e  t r a n s f e r  o f  l a b e l l e d  

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

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

c o m p l e t e  ( M o r r i s ,  1 9 5 3 ;  C o u r t i c e  & M o r r i s ,  1 9 5 3 ) .  Durham 

( 1 8 9 7 )  r e p o r t e d  an i n t e r e s t i n g  case  o f  a woman p a t i e n t ,  who 

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

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

a n t e r i o r  m e d i a s t i n a l  l ymph g l a n d s  were " t u r g i d  w i t h  b l o o d " .

Once t h e y  a r e  i n  t h e  p e r i t o n e a l  c a v i t y ,  e r y t h r o c y t e s  

become r a p i d l y  a b s or be d  by t h e  so c a l l e d  l y m p h a t i c  

" l a c u n a e "  whi ch open i n t o  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  

t e r m i n a l s  ( M a c C a l l u m ,  1 9 0 3 ) .  Onl y  r e c e n t l y ,  s e v e r a l  

a u t h o r s  d e m o n s t r a t e d  c l e a r l y ,  by t h e  use o f  SEM, t h e  

p r e s e n c e  o f  p r e f o r m e d  o p e n i n g s  or  " s t o m a t a  o f  Von 

Reck I i n h a u s e n "  i n t h e  d i a p h r a g m a t i c  p e r i t o n e u m ,  t h r o u g h  

whi ch l a r g e  c e l l s  up t o  t h e  s i z e  o f  e r y t h r o c y t e s  or  even  

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

( B e t t e n d o r f ,  1 9 7 8 ;  Leak & R a h i l ,  1 9 7 8 ;  T s i l i b a r y  & W i s s i g ,  

1 9 7 7 ,  1 9 8 3 )  .

I n  C h a p t e r  I V ,  we r e - e x a m i n e d  p e r i t o n e a l  a b s o r p t i o n  

and t h e  u p t a k e  o f  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  i n d i a  i n k ,  

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

p e r i t o n e a l  a b s o r p t i o n  o f  i nk  was r e m a r k a b l y  r a p i d .  T h i s  

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

o c c u r r e d  t h r o u g h  p r e f o r m e d  " s t o m a t a " ,  d e m o n s t r a t e d  by
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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 .  These were  f ound  o n l y  i n  t h e  

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

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

l umen.

I h e  r e l a t i o n s h i p  be t wee n  t h e  age o f  t h e  a n i ma l  and t h e  

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

haemol ymph n o d e s : -

An dr e a se n  and G o t t l i e b  ( 1 9 4 6 )  seem t o  be t h e  o n l y  

a u t h o r s  who i n v e s t i g a t e d  t h i s  p r o b l e m i n  t h e  haemol ymph  

nodes o f  t h e  r a t .  They s t u d i e d  t h e  r e n a l  haemol ymph node  

and c o n c l u d e d  t h a t  e r y t h r o c y t e s  d i d  not  a p p e a r  i n  t h e  node  

u n t i l  t h e  second h a l f  o f  t h e  f i r s t  month o f  l i f e .  B e f o r e  

t h i s  a g e ,  l ymph nodes f ound i n t h e  same l o c a t i o n ,  d i d  not  

d i f f e r  m i c r o s c o p i c a l l y  f r om o r d i n a r y  n o d e s .  The q u e s t i o n  

whi ch t h e n  n a t u r a l l y  a r i s e s ,  i s  "why e r y t h r o c y t e s  s t a r t  t o  

a p p e a r  at  t h e  age o f  two weeks?" To answer  t h i s ,  we 

exami ned s e r i a l  s e m i t h i n  s e c t i o n s  t h r o u g h  p a r a t h y m i c  

haemol ymph nodes o f  young a n i ma l s  o f  d i f f e r e n t  a g e s .  The 

r e s u l t s  a g r e e d  w i t h  t h o s e  o f  Andr easen  and G o t t l i e b  ( 1 9 4 6 )  

i n  t h a t  m a c r o s c o p i c a l l y  t h e  p a r a t h y m i c  nodes d i d  not  show a 

v i s i b l e  p i n k i s h  or  r e d d i s h  c o l o u r a t i o n  u n t i l  t h e  age of  

t h r e e  wee k s .  Howe v e r ,  m i c r o s c o p i c  e x a m i n a t i o n  o f  nodes  

whi ch b e l o n g e d  t o  e a r l i e r  ages ( n e w b o r n ,  one and two week -  

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

number  o f  e r y t h r o c y t e s ,  whi ch a r r i v e d  by a f f e r e n t  

l y m p h a t i c s  ( F i g .  1 9 ) .  The r e s u l t s  s u g g e s t  t h a t  a f t e r  

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

nodes by s e v e r a l  a f f e r e n t  l ymph v e s s e l s .  As t h e  a n i ma l s  

grow o l d e r ,  t h e  number  o f  e r y t h r o c y t e s  i n c r e a s e  

p r o p o r t i o n a l l y ,  u n t i l  t h e  t h i r d  week ,  when t h e y  become  

m a c r o s c o p i c a  I l y  v i s i b l e .  T h i s  i s  due t o  t h e i r  g r a d u a l  

a c c u m u l a t i o n  i n  n o d a l  s i n u s e s .  The red m o t t l i n g ,  whi ch i s  

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

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

l y m p h a t i c s  f r om t h e  d i a p h r a g m and becomes l a r g e r  and d a r k e r  

as age a d v a n c e s .

I t  i s  g e n e r a l l y  a c k n o wl e d g e d  t h a t ,  w i t h  nor ma l  

p h y s i o l o g i c a l  a c t i v i t i e s ,  i s o l a t e d  e r y t h r o c y t e s  escape  

r e g u l a r l y  f r om b l o o d  v e s s e l s  i n t o  s e r ous  c a v i t i e s  as w e l l  

as i n t o  i n t e r s t i t i a l  spaces  o f  o r g a n s ,  and t h a t  t h e s e  c e l l s  

a r e  r emoved,  a l mo s t  e x c l u s i v e l y ,  v i a  l y m p h a t i c s  ( Y o f f e y  8 

C o u r t i c e ,  1 9 7 0 ;  W a l t e r  & I s r a e l ,  1 9 7 9 ) .  The number  o f  

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

e x p e r i m e n t a l  c o n d i t i o n s  such as e x e r c i s e  ( Haynes  & F i e l d s ,  

1 9 3 1 ) ,  by a warm f o o t - b a t h  ( E n g e s e t  e t  a l . ,  197 7 )  and by 

e x p o s u r e  t o  damagi ng s t i m u l i  ( S e l y e  & F o g l i a ,  1 9 3 9 ) .  These  

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

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

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

r e g i o n a l  nodes change i n t o  t h e  haemol ymph t y p e  ( S e l y e  8 

F o g l i a ,  1 9 3 9 ) .  Howe ve r ,  t h e  mechani sm wher eby  e r y t h r o c y t e s  

a r e  r e l e a s e d  i n t o  t h e  s er ous  c a v i t i e s  and i n t e r s t i t i a l  

f l u i d  r e ma i ns  o b s c u r e .  A l s o ,  t h e  r e as ons  why some or gans
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o f  c e r t a i n  s p e c i e s  ( s uch  as t h e  k i d n e y  and s p l e e n  o f  

c o n t a i n  more e r y t h r o c y t e s  t h a n  t h e  same o r g a n s  o f  

s p e c i e s  i s  u n c l e a r  a n d ,  u n t i l  now,  r e ma i n s  u n s o l v e d .

r a t ) 

o t h e r
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SUMMARY

1)  I n  S w i s s - A l b i n o  r a t s ,  t h e  p a r a t h y m i c  nodes a r e  2 - 3  i n  

number ,  and a r e  embedded on each s i d e  o f  t h e  t h y mu s .  

They a r e  r e g u l a r l y  o f  t h e  haemol ymph t y p e ,  i . e .  t h e i r  

l ymph s i n u s e s  c o n t a i n  many e r y t h r o c y t e s ,  bo t h  f r e e  and 

a t t a c h e d  t o ,  or  e n g u l f e d  by s i n u s  ma c r o p h a g e s .  T h i s  

g i v e s  t h e  nodes a d i s t i n c t  red c o l o u r a t i o n  whi ch i s  

v i s i b l e  t o  t h e  naked eye i n t h e  a d u l t  r a t .

2)  The h i s t o l o g i c a l  s t r u c t u r e  o f  t h e s e  nodes i s  s i m i l a r  t o  

t h a t  o f  a t y p i c a l  l ymph node and t h e y  pos se ss  v a l v e d  

a f f e r e n t  and e f f e r e n t  l ymph v e s s e l s .

3)  E v i d e n c e  i n d i c a t e s  t h a t  t h e  e r y t h r o c y t e s  f ound i n  t h e  

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

nodes v i a  a f f e r e n t  l y m p h a t i c s  and not  by e x t r a v a s a t i o n  

f r om i n t r i n s i c  b l o o d  v e s s e l s  w i t h i n  t h e  node .  

E r y t h r o c y t e s  were o f t e n  most  common a t  t h e  s i t e  o f  

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

4)  The r e s u l t s  i n d i c a t e  t h a t  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 ,  

whi ch e s s e n t i a l l y  d r a i n  t h e  p e r i t o n e a l  c a v i t y ,  a r e  t h e  

most  l i k e l y  s o u r c e  o f  e r y t h r o c y t e s  i n  t h e  s i n u s e s  o f  

t h e s e  haemol ymph no d e s .

5)  M i c r o s c o p i c  e x a m i n a t i o n  o f  p a r a t h y m i c  nodes b e l o n g i n g  

t o  ne wb o r n ,  one week and two w e e k - o l d  r a t s  i n d i c a t e s  

t h a t  v a r i a b l e ,  bu t  s m a l l ,  numbers o f  e r y t h r o c y t e s  a r e  

p r e s e n t  i n  t h e  s i n u s e s  o f  t h e  n o d e ,  b e f o r e  red  

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

of  e r y t h r o c y t e s  i n c r e a s e s  i n  p r o p o r t i o n  t o  age u n t i l
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t h e  n o d a l  red c o l o u r a t i o n  becomes v i s i b l e  t o  t h e  naked  

eye a t  a r ound t h e  second h a l f  o f  t h e  f i r s t  month of  

l i f e .
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CHAPTER I I I  

I NT RI NS I C  LYMPHATICS OF THE THYMUS GLAND



INTRODUCTION
A. HISTOLOGY AND ULTR ASTRUCTURE OF THE THYMUS GLAND

D u r i n g  t h e  Last  two or  t h r e e  d e c a d e s ,  numerous  

a c c o u n t s  o f  t h e  f i n e  s t r u c t u r e  o f  t h e  thymus i n v a r i o u s  

s p e c i e s  have been p u b l i s h e d ,  i n c l u d i n g  mouse ( C l a r k ,  1 9 6 4 ,  

1 9 7 3 ;  H o s h i n o ,  1 9 6 3 ;  We i s s ,  1 9 6 3 ) ,  r a t  (Hwang e t  a l . ,  1 9 7 4 ;  

Lund i n  & S c h e l i n ,  1 9 6 5 ;  Van H a e l s t ,  1 9 6 7 ) ,  g u i n e a - p i g  

( I z a r d ,  1 9 6 6 ;  M a n d e l ,  1 9 6 8 ) ,  h a ms t e r  ( I t o  & H o s h i n o ,  1 9 6 6 ) ,  

monkey (Chapman & A l l e n ,  1 9 7 1 ) ,  dog ( G o r g o l l o n  & O t t o n e -  

A na y a ,  1 97 8 )  and human ( Bear man e t  a l . ,  1 9 7 8 ;  B l o o d w o r t h  e t  

a l . ,  1 9 7 5 ;  G o l d s t e i n  & Ma c k a y ,  1 9 6 9 ;  H a a r ,  1 9 7 4 ;  H i r o k a w a ,  

1 9 6 9 ;  Kameya & Wa t a n a b e ,  1 9 6 5 ;  P i n k e l ,  1 9 6 8 ;  Von G a u d e c k e r ,

1 9 7 8 ) .  The r e s u l t s  o f  t h e s e  and s e v e r a l  o t h e r  s t u d i e s  a r e  

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

Each l obe  o f  t h e  thymus i s  i n v e s t e d  by a t h i n  c a p s u l e  

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

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

l o b u l e s .  The l o b u l e s ,  0 . 5  -  2 . 0  mm i n  d i a m e t e r ,  a p p e a r  

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

c e n t r a l l y  ( G o l d s t e i n  & Ma ckay ,  1 9 6 9 ) .  I t  i s  a s t r i k i n g  

f e a t u r e  o f  t h e  thymus t h a t  a l t h o u g h  t h e  s i z e  o f  t h e  whol e  

or gan v a r i e s  w i d e l y  i n d i f f e r e n t  s p e c i e s ,  t h e  a b s o l u t e  s i z e  

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

( M e t c a l f ,  1 9 6 6 ) .  The u n i f o r m i t y  i n  l o b u l a r  s i z e  i s  

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

l ymphoi d  c o r t e x .  M e t c a l f  ( 1 9 6 6 )  s u g g e s t e d  t h a t  t h e r e  c ou l d  

be a c r i t i c a l  s i z e  l i m i t  f o r  t h e  w i d t h  o f  t h e  c o r t e x  i n
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r e l a t i o n  t o  t h e  s i z e  o f  t h e  m e d u l l a .

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

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

e x p a n s i o n s  c o r r e s p o n d i n g  t o  t h e  l o b u l e s  ( W e i s s ,  1 9 8 3 ) .  

T h u s ,  t h e  t h y mi c  l o b u l e s  a r e  not  c o m p l e t e l y  i n d e p e n d e n t  of  

one a n o t h e r .  By s e r i a l  s e c t i o n i n g ,  c o n t i n u i t y  can be 

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

p a r e n c h y ma l  b r i d g e s .  The t h y mi c  pa r enchyma w i t h i n  each  

l o b u l e  c o n s i s t s  o f  a t r i d i m e n s i o n a l  n e t wo r k  o f  s t e l l a t e  

e p i t h e l i a l  r e t i c u l a r  c e l l s ,  boun d i n g  i r r e g u l a r  c o mp a r t me n t s  

f i l l e d  w i t h  l y m p h o c y t e s ,  macr ophages  and o t h e r  c e l l s .  Each 

l o b u l e  i s  d i v i d e d  i n t o  a p e r i p h e r a l  d a r k  zone r e l a t i v e l y  

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

zone r e l a t i v e l y  r i c h  i n  e p i t h e I i a  I - r e t i c u I  ar  c e l l s ,  c a l l e d  

t h e  m e d u l l a .  I n  young m i c e ,  t h e  c o r t e x  c o mp r i s e s  about  86% 

o f  t h e  t h y mi c  v o l u me ,  and t h e  m e d u l l a  about  14% ( B r y a n t ,

1 9 7 2 ) .  A s i m i l a r  h i gh  r a t i o  f o r  c o r t e x  v e r s u s  m e d u l l a  i s  

f ound i n t h e  young human thymus ( S i mpson e t  a l . ,  1 9 7 5 ) .

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

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

u l t r a s t r u c t u r a l  f e a t u r e s  c o n s i s t e n t l y  f ound i n  t h e s e  c e l l s :  

c y t o p l a s m i c  t o n o f i  Lament s ,  w e l l - f o r m e d  desmosomes whi ch  

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

l ami na  a s s o c i a t e d  w i t h  t h e  c e l l  membrane whenever  t h e s e  

b o r d e r  c o n n e c t i v e  t i s s u e  or  b l o o d  v e s s e l s  ( Bear man et  a l . ,  

1 9 7 8 ;  Hwang e t  a l . ,  1 9 7 4 ) .  The e p i t h e I i a  I - r e t i c u I  ar  c e l l s  

possess  l ong c y t o p l a s m i c  p r o c e s s e s .  A d j a c e n t  c e l l  

membranes a r e  o f t e n  he l d  t o g e t h e r  by desmosomes and
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i n t e r d i g i t a t i o n s ;  i n d e e d  t h i s  i s  how t h e s e  c e l l s  f or m a 

t h r e e - d i m e n s i o n a l  meshwork or  c y t o r e t i c u l u m  o f  t h y mi c  

pa renc hyma.

S e v e r a l  i n v e s t i g a t o r s  have d e s c r i b e d  u l t r a s t r u c t u r a l  

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

r e t i c u l a r  c e l l s  ( B l o o d w o r t h  e t  a t . ,  1 9 7 5 ;  Chapman & A l l e n ,  

1 9 7 1 ;  H i r o k a w a ,  1 9 6 9 ;  I t o  8 H o s h i n o ,  1 9 6 6 ;  M a n d e l ,  1 9 6 8 ) ,  

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

r e t i c u l a r  c e l l s  ( B l o o d w o r t h  e t  a l . ,  1 9 7 5 ;  I t o  & H o s h i n o ,  

1 9 6 6 ;  M a n d e l ,  1 9 6 8 ) .  Ve r y  r e c e n t l y ,  W i j n g a r e t  e t  a l  ( 1 9 8 4 )  

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

c e l l s  i n  t h e  human t hymus and c l a s s i f i e d  them i n t o  s i x  main  

t y p e s .  T r i a n g u l a r  Type 1 c e l l s  l i e  on a basement  membrane  

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

s e p t a  o f  t h e  p e r i v a s c u l a r  s p a c e s .  These c e l l s  a r e  

c o n n e c t e d  by desmosomes t o  more p l e o m o r p h i c  Type 2 c e l l s  

t h a t  m a i n l y  occupy t h e  o u t e r  c o r t e x  and seem t o  f orm a 

s e r i e s  o f  c e l l s  w i t h  Types 3 and 4 t h r o u g h o u t  t h e  c o r t e x .

Types 5 and 6 a r e  t y p i c a l  o f  t h e  m e d u l l a .  Howe v e r ,

e p i t h e l i a l - r e t i c u l a r  c e l l s  have a l s o  been c l a s s i f i e d  

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

e l e c t r o n  d e n s i t y  ( H i r o k a w a ,  1 9 6 9 ;  Kameya & Wa t a n a b e ,  1 9 6 5 ;  

K e n d a l l  & F r a z i e r ,  1 9 7 9 ) .  A f u r t h e r  s u b d i v i s i o n  of  each  

gr oup can be made,  d e p e n d i n g  on t h e  p r e s e n c e  i n  t h e

c y t o p l a s m  o f  v a r i a b l e  numbers o f  v e s i c l e s  or  membr ane- bound

v a c u o l e s  or  e l e c t r o n - d e n s e  g r a n u l e s  (Chapman 8 A l l e n ,  1 9 7 1 ;  

C l a r k ,  1 96 3 ;  I t o  8 H o s h i n o ,  1 9 6 6 ;  Lund i n 8 S c h e l i n ,  1 9 6 5 ;
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M a n d e l ,  1 9 6 8 ;  S i n g h ,  1 9 8 0 ) .  The s i g n i f i c a n c e  o f  t h e  

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

c e l l s  i s  not  known,  but  t h e  v a r i o u s  i n t r a c y t o p l a s m i c  

g r a n u l e s  and v e s i c l e s  s u g g e s t  t h a t  t h e s e  c e l l s  may be

s e c r e t i n g  t h y mi c  hormones ( B e n n e t t ,  1 9 7 8 ;  B l o o d w o r t h  e t

a l . ,  1 9 7 5 ;  C l a r k ,  1 9 6 3 ,  1 9 6 6 ;  I t o  & H o s h i n o ,  1 9 6 6 ) .

U I t r a s t r u e t u r a  I and e x p e r i m e n t a l  e v i d e n c e  s u g g e s t s  t h a t

t h e s e  c e l l s  p r o v i d e  not  o n l y  a t h r e e - d i m e n s i o n a l  s u p p o r t i v e  

f r a me wor k  f o r  t h e  t h y mi c  c e l l s  bu t  a l s o ,  by t h e i r  c l o s e  

c o n t a c t  w i t h  l ymphoi d  c e l l s  and t h e  p r o d u c t i o n  o f  hor mones ,  

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

i n f l u e n c e  t h e  e v e n t s  whi ch may be a s s o c i a t e d  w i t h  T c e l l  

m a t u r a t i o n  ( Bear man e t  a l . ,  1 9 7 8 ;  B l o o d w o r t h  e t  a l . ,  1 97 5 ;  

C l a r k ,  1 9 6 6 ;  I t o  & H o s h i n o ,  1 9 6 6 ;  K e n d a l l  & F r a z i e r ,  1 9 7 9 ) .

A p p a r e n t l y ,  t h e r e  a r e  many t h y mi c  hor mones;  a t  l e a s t  

e i g h t  have been i s o l a t e d  i n  t h e  l a s t  two de cades  ( Da r d e n n e  

& Bach ,  1 9 8 1 ) .  Howe ve r ,  t h e  i n t r a t h y m i c  l o c a t i o n  of  

h o r m o n e - p r o d u c i n g  e p i t h e l i a l - r e t i c u l a r  c e l t s  has not  y e t  

been c o m p l e t e l y  e s t a b l i s h e d  ( G o l d s t e i n ,  1 9 7 5 ) .  I t  has not  

been d e t e r m i n e d  w h e t h e r  a s i n g l e  or  m u l t i p l e  p o p u l a t i o n  o f  

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

hor mones ,  or  how t h e  s e c r e t o r y  c e l l s  a r e  i n v o l v e d  i n  t h e  

p r o d u c t i o n  o f  t h e s e  hor mones ,  or  how t h e  s e c r e t o r y  

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

d e v e l o p i n g  t h y mi c  l ymphoi d  c e l l s  a n d / o r  t o  t h e  b l o o d  s t r e a m  

( C u r t i s  e t  a l . ,  1 9 7 9 ) .

I n t e r c e l l u l a r  e p i t h e l i a l - r e t i c u l a r  c y s t s  l i n e d  by 

m i c r o v i l l i  or  c i l i a  have a l s o  been d e s c r i b e d  i n some a n i ma l
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s p e c i e s  (Chapman & A l l e n ,  1 9 7 1 ;  K e n d a l l  & F r a z i e r ,  1 97 9 ;  

Van H a e l s t ,  1 9 6 7 ) ,  i n  t h e  human f e t a l  t hymus ( H i r o k a w a ,

196 9 )  and i n  thymomas ( R o s a i  & L e v i n e ,  1 9 7 6 ) .  They a p p e a r  

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

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

macr ophages  and e o s i n o p h i l s  i n  t h e  l umi na  o f  t h e  c y s t s ;  

a l t h o u g h  t h e  s i g n i f i c a n c e  o f  t h i s  i s  unknown.  Cys t s  a r e  

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

r e p r e s e n t  r emnant s  o f  t h e  p h a r y n g e a l  pouches  f r om whi ch t h e  

t hymus a r i s e s  ( W e i s s ,  1 9 8 3 ) .

Macr ophages  or  mesenchymal  r e t i c u l a r  c e l l s  a r e  

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

t h e  t h y mu s .  They a r e  b a s i c a l l y  d i s t i n g u i s h e d  f r om  

e p i t h e l i a l - r e t i c u l a r  c e l l s  by t h e  abse nce  o f  t o n o f i  l a me nt s  

and desmosomes.  Macr ophage s  o c c u r  i n  t h e  c a p s u l e ,  s e p t a  

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

me d u l l a  ( Bear man et  a l . ,  1 9 7 8 ;  Hwang e t  a l . ,  1 9 7 4 ;  R a v i o l a  

& K a r n o v s k y ,  1 9 7 2 ;  We i s s ,  1 9 8 3 ) .  The o r i g i n ,  r e s i d e n c e  

t i m e  i n  t h e  t hymus and f a t e  o f  t h y mi c  macr ophages  a r e  

l a r g e l y  unknown.  They a p p e a r  i n  g r e a t e s t  c o n c e n t r a t i o n s  

ar ound t h e  c o r t i c o - m e d u l l a r y  j u n c t i o n  (Hwang e t  a l . ,  1 9 7 4 ) ,  

and may somet i mes be f ound a c r o s s  gaps i n  t h e  e p i t h e l i a l -  

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

spaces  ( Bear man et  a l . ,  1 9 7 5 ) .  They g e n e r a l l y  show 

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

o f  t h e  macr ophages  a r e  c l o s e l y  s i m i l a r  t o  e p i t h e l i a l -  

r e t i c u l a r  c e l l s  c o n t a i n i n g  p o l y mor phous  membr ane- bound
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i n c l u s i o n s  (Hwang e t  a l - ,  1 9 7 4 ) .  I n  a d d i t i o n  t o  t h e i r  

e v i d e n t  p h a g o c y t i c  c a p a c i t y ,  macr ophages  may s e c r e t e  

f a c t o r s  t h a t  s t i m u l a t e  T - c e l l  m i t o s i s  or  d i f f e r e n t i a t i o n  

( W e i s s ,  1 9 8 3 ) .  T h e i r  numbers a r e  p r o b a b l y  not  c o n s t a n t ,  as 

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

un d e r  t h e  a c t i o n  o f  ACTH ( L u n d i n  & S c h e l i n ,  1966 )  and a l s o  

a p p e a r  t o  i n c r e a s e  w i t h  a ge .  Ma cr ophages  known as l i p i d 

l ad en  f oamy c e l l s  ( L o e w e n t h a l  & S m i t h ,  195 2 )  a p pe a r  t o  be 

t h e  same as t h e  P A S - p o s i t i v e  r e t i c u l u m  c e l l s  o f  M e t c a l f  & 

I s h i d a t e  ( 1 9 6 2 )  and c o u l d  be t h e  same as t h e  

a u t o f l u o r e s c e n t  c e l l s  o f  S a i n t e - M a r i e  ( 1 9 6 8 ) .

THE CAPSULE^-

The thymus i s  e n c l o s e d  by a t h i n  b u t  w e l l  d e f i n e d  

c a p s u l e  whi ch c o n s i s t s  o f  w h i t e  c o n n e c t i v e  t i s s u e  and 

p a r a l l e l  b u n d l e s  o f  c o l l a g e n  f i b r e s  ( W e i s s ,  1 9 8 3 ) .  The 

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

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

l o b u l e  ( G o l d s t e i n  8 Ma c k a y ,  1 9 6 9 ;  W e i s s ,  1 9 8 3 ) .  I t  

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

t h e  b l o o d  v e s s e l s  ( K o s t o w i e c k i ; 1 9 6 7 ;  P e r e i r a  & C l e r m o n t ,  

1 9 7 1 ) .  Bl ood v e s s e l s ,  e f f e r e n t  l y m p h a t i c  v e s s e l s  and 

aut onomi c  n e r v e  f i b r e s  a r e  p r e s e n t  i n t h e  c a p s u l e  and t h e  

c o n n e c t i v e  t i s s u e  s e p t a  ( G o l d s t e i n  8 Ma c ka y ,  1 9 6 9 ) .  The 

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

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

r e t i c u l a r  c e l l s  t h a t  f orm a c o n t i n u o u s  l a y e r  r e s t i n g  on a 

w e l l - d e f i n e d  basement  membrane.
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I HE CORTEX: -

The c o r t e x  o f  t h e  t hymus g l a n d  a p p e a r s  da r k  i n H & E 

s t a i n e d  s e c t i o n s  due t o  t h e  crowded n u c l e i  o f  l ymphoi d  

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

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

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

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

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

c o a r s e  i n t e r c o n n e c t i n g  meshwork ( Bear man e t  a l . ,  1 97 8 ;  I t o  

& H o s h i n o ,  1 9 6 6 ) .  P r e s e n t  w i t h i n  t h e  i n t e r s t i c e s  o f  t h e  

c o r t i c a l  meshwork a r e  l a r g e  numbers o f  l ymphoi d  c e l l s  whi ch  

show a s p ec t r um o f  m o r p h o l o g y ,  r a n g i n g  f r om l a r g e  t h r o u g h  

medium t o  s ma l l  l y m p h o c y t e s .  T h e r e  a r e  few macr ophages  and 

pl asma c e l l s  ( Bear man e t  a l . ,  1 9 7 8 ;  Hwang e t  a l . ,  1 9 7 4 ) .

A l t h o u g h  most  s t u d i e s  on t h e  u l t r a s t r u c t u r e  o f  t h e  

thymus g l a n d  have d e s c r i b e d  t h e  c o r t e x  as a s i n g l e  z o n e ,  

C l a r k  ( 1 9 7 3 ) ,  G o r g o l l o n  and O t t o n e - A n a y a  ( 1 9 7 8 ) ,  and Hwang 

e t  a l .  ( 1 9 7 4 )  p r e f e r r e d  t o  d i v i d e  t h i s  zone i n t o  a

s u b c a p s u l a r  or  " o u t e r  c o r t e x " ,  and a deep or  " i n n e r

c o r t e x " .  The b a s i s  o f  t h i s  d i v i s i o n  i s  t h e  p r e d o mi n a n c e  o f  

l a r g e  l ymphoi d  c e l l s ,  or  l y m p h o b l a s t s ,  and numerous  

m i t o t i c  f i g u r e s  i n  t h e  o u t e r  c o r t e x  and t h e  p r e s e n c e  o f  

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

f i g u r e s  i n  t h e  i n n e r  c o r t e x .  The l i m i t  be t wee n  t h e  two  

zones i s  i n d i c a t e d  by t h e  p r e s e n c e  o f  b l o o d  c a p i l l a r y  

p l e x u s  (Hwang e t  a l . ,  1 9 7 4 ) .

The f a c t  t h a t  t h e  t h y mi c  c o r t e x  i s  a s i t e  o f  

e x t e n s i v e  l ymphoi d  c e l l  p r o l i f e r a t i v e  a c t i v i t y ,  a t  l e a s t  i n
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e a r l y  l i f e  o f  e x p e r i m e n t a l  a n i m a l s ,  has been shown by t h e  

s t u d i e s  o f  E v e r e t t  and T y l e r  ( 1 9 6 7 )  and M e t c a l f  ( 1 9 6 4 ) .  

These  o b s e r v a t i o n s  were  s u p p o r t e d  by C l a r k  ( 1 9 7 3 ) ,  M a t t e r  

( 1 9 7 5 )  and M e t c a l f  ( 1 9 6 6 ) .  C l a r k  ( 1 9 7 3 )  s u g g e s t e d  t h a t  t h e  

d e v e l o p m e n t  o f  l y mp h o c y t e s  w i t h i n  t h e  t hymus was s t e p w i s e ,  

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

r e g i o n  o f  t h e  t h y mi c  l o b u l e .  More t h a n  95% o f  d e v e l o p i n g  

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

( B r y a n t ,  1 9 7 2 ) .  A p p r o x i m a t e l y  10% o f  t h y mi c  l y mp h o c y t e s  

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

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

They r e p r e s e n t  stem c e l l s  r e c e n t l y  a r r i v e d  f r om t h e  bone  

ma r r o w.  The d e e p e r  p a r t ,  and t h e  b u l k  o f  t h e  c o r t e x ,  

c o n t a i n s  s m a l l  l y m p h o c y t e s ,  about  85% o f  a l l  t h y mi c  

l y mp h o c y t e s  ( B r y a n t ,  1 9 7 2 ) .  They a r e  m a t u r i n g  c e l l s  d e r i v e d  

f r om t h e  l a r g e  s u b c a p s u l a r  l y m p h o c y t e s .  As t h e y  m a t u r e ,  

t h e y  move d e e p e r  i n t o  t h e  c o r t e x ,  so t h a t  l y mp h o c y t e s  at  

t h e  c o r t i c - m e d u l l a r y  j u n c t i o n  and i n  t h e  m e d u l l a  a r e  t h e  

most  ma t u r e  ( We i s s ma n ,  1 9 6 7 ) .  A p p r o x i m a t e l y  5% of  t h y mi c  

l y mp h o c y t e s  l i e  among t h e  e p i t h e  I i a  I - r e t i c u  I ar  c e l l s  o f  t h e  

m e d u l l a .  As t h y mi c  l y mp h o c y t e s  m a t u r e ,  t h e y  a c q u i r e  

d i s t i n c t i v e  ma r k e r s  on t h e  c e l l  s u r f a c e  and w i t h i n  t h e  

c y t o p l a s m  t h a t  a r e  r e v e a l e d  by s p e c i a l  s t a i n i n g  ( C l a r k ,

1 9 7 3 ) .  By s t a n d a r d  l i g h t  and e l e c t r o n - m i c r o s c o p i c  s t a i n s ,  

d e v e l o p i n g  t h y mi c  l y mp h o c y t e s  l ook l i k e  o t h e r  l y m p h o c y t e s .  

Howe ve r ,  s m a l l  t h y mo c y t e s  ( i . e .  l y mp h o c y t e s  i n t h e  t hymus)  

a r e  somewhat  s m a l l e r  t h a n  s m a l l  l y mp h o c y t e s  f ound e l s e w h e r e
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i n  t h e  body ( Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  Bach e t  a l .  ( 1 9 7 9 )  

s t u d i e d  t h e  u l t r a s t r u c t u r a l  p r o p e r t i e s  o f  l y mp h o c y t e s  in  

g e n e r a l ,  and c l a s s i f i e d  them i n t o  t h r e e  t y p e s : -  

1 .  Sma l l  l y m p h o c y t e s : These c o n s t i t u t e  t h e  m a j o r i t y  o f

l y m p h o c y t e s .  They a r e  g l o b u l a r  i n  shape me a s u r i n g  8 urn 

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

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

r i m ,  o n l y  0 . 2  -  1 um w i d e ,  s u r r o u n d s  t h e  n u c l e u s  and

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

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

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

r i b o s o m e s .  T h e i r  c e l l  s u r f a c e  may be smooth or  s t udded  

w i t h  numerous 1 - 2  um l ong m i c r o v i l l i .

2 -  Medium l y m p h o c y t e s : They measur e  up t o  12 um i n  

d i a m e t e r ,  and have a 2 - 3  um wi de  c y t o p l a s m i c  r i m whi ch  

s u r r o u n d s  t h e  n u c l e u s .  O t h e r  u l t r a s t r u c t u r a l  f e a t u r e s  a r e  

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

3 -  : These a r e  v o l u mi n o u s  c e l l s  a l mo s t

i d e n t i c a l  t o  i m m u n o b l a s t s .  L a r g e  l y mp h o c y t e s  do not  r e ach  

t h e  c i r c u l a t i o n  unde r  nor ma l  c o n d i t i o n s .  They a r e  m o b i l e .

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

have d e m o n s t r a t e d  h e t e r o g e n e i t y  i n t h e  t h y mi c  l y mp h o c y t e  

p o p u l a t i o n  whi ch i n d i c a t e s  t h a t  m e d u l l a r y  s m a l l  l y mp h o c y t e s  

a r e  d i s t i n g u i s h a b l e  f rom c o r t i c a l  s ma l l  l y mp h o c y t e s  (Abe & 

I t o ,  1 9 7 0 ;  M a t t e r ,  1 9 7 5 ;  S a i n t e - M a r i e  & L e b l o n d ,  1 9 6 4 ) .  I n  

t h e i r  c h i c k - q u a i l  c h i ma e r a  s t u d i e s ,  Le D o u a r i n  and J o t e r e a u  

( 1 9 8 1 )  f ound t h a t  t h e  c o r t e x  and m e d u l l a  were bot h  

p o p u l a t e d  at  t h e  same t i me  f rom d i f f e r e n t  p r e c u r s o r s ,  t hus
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c h a l l e n g i n g  t h e  p r e v i o u s  v i e w o f  C l a r k  ( 1 9 7 3 )  and S a i n t e -  

M a r i e  and L e b l o n d  ( 1 9 6 4 )  t h a t  c o r t i c a l  l y mp h o c y t e s  gave  

r i s e  t o  m e d u l l a r y  l y mp h o c y t e s  whi ch moved t o  t h e  m e d u l l a  

p r i o r  t o  t h e i r  r e l e a s e .  Wh i c h e v e r  v i e w i s  a d o p t e d ,  t h e r e  

seems t o  be g e n e r a l  a gr ee me nt  t h a t  a p e r i o d  o f  r e s i d e n c e  i n  

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

i t  i s  s t i l l  not  known p r e c i s e l y  what  i s  i n v o l v e d  i n  

i n t r a t h y m i c  l ymp h o c y t e  c e l l  d i f f e r e n t i a t i o n .

THE MEDULLA: -

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

t h y mi c  l o b u l e  whi ch i s  c o n t i n u o u s ,  t h r o u g h  s t r a n d s  or  

b r i d g e s ,  w i t h  m e d u l l a  o f  o t h e r  l o b u l e s  o f  t h e  t hy mus .  I t  

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

l a t t i c e  or  meshwork;  but  t h e  p r o p o r t i o n  o f  e p i t h e l i a l -  

r e t i c u l a r  c e l l s  i s  much g r e a t e r  t h a n  i n  t h e  c o r t e x .  

G o l d s t e i n  and Mackay ( 1 9 6 9 )  and Jones e t  a l  ( 1 9 7 5 )  r e p o r t e d  

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

c e l l s  i n  t h e  m e d u l l a  o f  nor ma l  human thymus was 2 : 5 ,  

compared w i t h  3 : 1  i n t h e  c o r t e x .

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

o f  t h e  c o r t e x .  Howe ve r ,  m e d u l l a r y  e p i t h e  I i a  I - r e t i c u I  ar  

c e l l s  a r e  e x t r e m e l y  p l e o m o r p h i c .  Some a r e  s t e  11 a t e - s h a p e d ,  

w h i l s t  o t h e r s  a r e  l a r g e ,  round or  i r r e g u l a r  i n shape  

( P i n k e l ,  1 9 6 8 ) .  They o f t e n  have v o l u mi n o u s  c y t o p l a s m  

( M a n d e l ,  1968 )  and s h o r t e r  c y t o p l a s m i c  p r o c e s s e s ,  j o i n e d  t o  

one a n o t h e r  by desmosomes,  and o f t e n  show compl ex  

i n t e r d i g i t a t i o n s  ( G o l d s t e i n  & Ma c ka y ,  1 9 6 9 ) .  They possess
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i n  t h e i r  c y t o p l a s m  e i t h e r  po l y mor phous  membr ane- bound  

i n c l u s i o n s  o f  v a r y i n g  s i z e s ,  or  s m a l l  u n i f o r m  membrane-  

bound g r a n u l e s  (Hwang e t  a l . ,  1 9 7 4 ) .

Wh i l e  most  wo r k e r s  r e g a r d e d  t h e  m e d u l l a  as a s i n g l e  

z o n e ,  P e r e i r a  and C l e r mo n t  ( 1 9 7 1 )  r e c o g n i z e d  an " i n n e r  

m e d u l l a "  t h a t  i s  v a s c u l a r  and made o f  mesenchymal  t i s s u e s  

i n  d i s t i n c t i o n  t o  an " o u t e r  m e d u l l a " ,  whi ch i s  

l y m p h o e p i t h e  I i a  I and e n c l o s e d  w i t h i n  an e p i t h e l i a l  bo u n d a r y  

l a y e r .  I t  i s  w i t h 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  i n n e r  

m e d u l l a ,  and i n  i t s  e x t e n s i o n s  t h r o u g h o u t  t h e  g l a n d  as i t  

runs a l o ng  b l o o d  v e s s e l s ,  t h a t  many o f  t h e  p l asma c e l l s ,  

g r a n u l o c y t e s ,  mast  c e l l s ,  macr ophages  and o t h e r  c o n n e c t i v e  

t i s s u e - c e l l  t y p e s  a r e  c o n c e n t r a t e d .  The i n n e r  m e d u l l a  was 

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

r e t i c u l u m  i n c o n t r a s t  t o  t h e  c y t o r e t i c u l u m  of  t h e  l ympho

ep i t h e l i a l  p o r t i o n  o f  t h e  t h y mu s .  P e r e i r a  and C l e r mo n t  

( 1 9 7 1 )  a l s o  f ound t h e  s o - c a l l e d  b l o o d - t h y m u s  b a r r i e r  t o  be 

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

Some e p i t h e  I i a  I - r e t i c u  I a r  c e l l s  o f  t h e  m e d u l l a r y  

par enc hyma  a l s o  s h a r e  i n  t h e  f o r m a t i o n  o f  H a s s a l l ^ s  

£ 2 I E l ! § £ i £ § -  These s t r u c t u r e s  a r e  u n i q u e  t o  t h e  t h y mi c

m e d u l l a .  They c o n s i s t  o f  n e s t s  o f  c o n c e n t r i c a l l y  a r r a n g e d  

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

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

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

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

e p i t h e l i a l - r e t i c u l a r  c e l l s ,  whi ch become o r g a n i s e d

c i r c u m f e r e n t i a l l y  and c o n n e c t e d  c l o s e l y  t o  one a n o t h e r  by
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numerous desmosomes ( G o l d s t e i n  & Ma c ka y ,  1 9 6 9 ;  Von 

Ga u d e c k e r  & S c h e ma l e ,  1 9 7 4 ) .  New e p i t h e l i a l - r e t i c u l a r  

c e l l s  f r om t h e  m e d u l l a r y  c y t o r e t i c u l u m  t h e n  wi nd t h e m s e l v e s  

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

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

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

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

t o n o f i  I ament s a p p e a r ;  t h e  amount  and s i z e  i n c r e a s i n g  w i t h  

t h e  i n c r e a s e  i n  H a s s a l l ' s  c o r p u s c l e  d i a m e t e r .  As t h e  

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

s w e l l ,  d e g e n e r a t e ,  and t r a n s f o r m  i n t o  k e r a t i n i s e d  a n d / o r  

n e c r o t i c  m a t e r i a l ,  whi ch may a l s o  c a l c i f y  ( Kohnen & We i s s ,  

1 9 6 4 ;  Von Gau deck er  & Sc h e ma l e ,  1 9 7 4 ;  We i s s ,  1 9 8 3 ) .  

H a s s a l l ’ s c o r p u s c l e s  f r e q u e n t l y  measure  o v e r  100 um i n  

d i a m e t e r ,  whi ch i n c r e a s e  i n number  and s i z e  w i t h  a g e ,  as 

w e l l  as i n  some s t r e s s f u l  s i t u a t i o n s  (Von Gau dec k er  & 

S c h e ma l e ,  1 9 7 4 ) .  Thymi c c o r p u s c l e s  a r e  w e l l  d e v e l o p e d  i n  

humans,  dogs and g u i n e a  p i g s ,  and p o o r l y  d e v e l o p e d  i n mi ce  

and r a t s  ( W e i s s ,  1 9 8 3 ) .  T h e i r  number  i n human b e i n g s  

r e a c h e s  i t s  maximum at  p u b e r t y ;  f r om t h e n  on ,  t h e y  d e c r e a s e  

i n  number ,  e s p e c i a l l y  t h e  s m a l l e r  o n e s .  Wi t h  a g e ,  h o w e v e r ,  

t h e  r e m a i n i n g  c o r p u s c l e s  become l a r g e r ,  and ,  as t h e  t hymus  

i n v o l u t e s ,  more p r o m i n e n t  ( B l a u ,  1 9 6 7 ;  Hammar,  1 9 2 1 ) .  The 

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

Pr opos ed  f u n c t i o n s  i n c l u d e : -  1)  as " g r a v e y a r d s "  f o r  dead  

l y mp h o c y t e s  ( B l a u ,  1 9 7 3 ;  P i n k e l ,  1 9 6 8 ) ;  2)  p r o d u c t i o n  or  

s t o r a g e  o f  a n t i g e n s  ( B l a u ,  1 9 6 7 ;  M a r s h a l l  & W h i t e ,  1 9 6 1 ) .
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C e r t a i n l y  a n t i g e n i c  s t i m u l a t i o n  can cause  an i n c r e a s e  i n  

t h e  number  and s i z e  o f  t h e  c o r p u s c l e s  ( K a t e r ,  1 9 7 3 ) ;  3)

p r o d u c t i o n  or  s t o r a g e  o f  a n t i b o d i e s  ( B l a u ,  1 9 6 7 ;  Hammar,  

1 9 2 1 ;  K a t e r ,  1 9 7 3 ) ;  t h e r e f o r e  t h e y  may be i n v o l v e d  i n  

i m m u n o l o g i c a l  r e a c t i o n s ;  4)  a s i t e  o f  t h y mi c  hormone  

p r o d u c t i o n  ( K a t e r ,  1 9 7 3 ;  Kohnen & We i s s ,  1 9 6 4 ) ;  and 5)  

w i t h o u t  any a p p a r e n t  f u n c t i o n ,  as t h e y  a r e  b e l i e v e d  t o  be 

r e mnant s  o f  t h e  e p i t h e l i a l  t h y mi c  a n l a g e  ( M a n d e l ,  1 96 8 ;  

S h i e r ,  1 9 6 3 ) .

A n o t h e r  i m p o r t a n t  c e l l  o f  t h e  t h y mi c  m e d u l l a ,  most  

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

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

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

o f  t h e  s p l e e n  i n  r a t s  and mi ce and a r e  b e l i e v e d  t o  be 

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

( Van E w i j k ,  1 9 8 0 ;  Heuserman e t  a l . ,  1 9 7 4 ) .  A l t h o u g h  

c o n s i d e r e d  t o  be d e r i v e d  f r om monocyt es  ( K l u g  & Ma g e r ,

1 9 7 9 ) ,  t h y mi c  i n t e r d i g i t a t i n g  r e t i c u l u m  c e l l s  have s p e c i a l  

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

ma c r o p h a g e s .  P h a g o c y t i c  c h a r a c t e r i s t i c s  o f  i n t e r d i g i t a t i n g  

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

( K l u g  & Ma g e r ,  1 97 9 )  and i n t h e  human thymus ( S i n g h ,  1 9 8 0 ) .  

A n o t h e r  c h a r a c t e r i s t i c  f e a t u r e  o f  t h e s e  c e l l s  i s  t h e  l ong  

a n t l e i — l i k e  p r o c e s s e s  o f  c y t o p l a s m  t h a t  can enwrap c e l l s  

and f or m compl ex s u r f a c e  p a t t e r n s .  However ,  t h e  e x a c t  

i d e n t i t y  and f u n c t i o n  o f  t h i s  c e l l  t y p e  has not  y e t  been  

e s t a b l i s h e d .

Myoi d c e l l s  i n t h e  thymus have been s t u d i e d  f o r  many 
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y e a r s  and have r e c e i v e d  more a t t e n t i o n  i n  t h e  l a s t  t e n

y e a r s  s i n c e  t h e  r e a l i s a t i o n  o f  an a s s o c i a t i o n  be t wee n  t h e

t hymus and m y a s t h e n i a  g r a v i s .  Myoi d c e l l s  a r e  p r e s e n t  i n

t h e  t hymus o f  many s p e c i e s  o f  v e r t e b r a t e  c l a s s e s .  They a r e

more a b u nda nt  i n  human f e t u s e s  t h a n  i n  a d u l t s  ( H a y w a r d ,  

1 9 7 2 ;  H e n r y ,  1 9 6 6 ) .  Some a u t h o r s  s t a t e  t h a t  myoid c e l l s  

a r e  not  p r e s e n t  i n t h e  p o s t n a t a l  human t hymus under  nor ma l  

c o n d i t i o n s  ( Van de V e l d e  & F r i e d m a n ,  1 9 7 0 ) ;  o t h e r s  c l a i m  t o  

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

b e i n g  not  c o n s t a n t  and c ha n g i n g  s e a s o n a l l y  ( H e n r y ,  1 9 6 6 ;  

I t o  e t  a l . ,  1 9 6 9 ) .  Myoi d c e l l  u l t r a s t r u c t u r e  was s t u d i e d  

by many a u t h o r s  ( Bear man e t  a l . ,  1 9 7 8 ;  G i l m o r e  & B r i d g e s ,  

1 9 7 4 ;  I t o  e t  a l . ,  1 9 6 9 ;  R a v i o l a  8 R a v i o l a ,  1 9 6 7 ) .  The

o r i g i n  o f  myoid c e l l s  i s  unknown.  The two most  f r e q u e n t l y

p r o p o s e d  t h e o r i e s  a r e :  1)  t h a t  t h e y  a r e  d e r i v e d  f rom t he

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

i n c o r p o r a t e d  i n t o  t h e  par enchyma ( Van de V e l d e  & F r i e d m a n ,

1 9 7 0 ) ;  and 2)  t h a t  t h e y  a r i s e  d i r e c t l y  f r om t h e  e p i t h e l i a l -

r e t i c u l a r  c e l l s ;  t h e  e v i d e n c e  b e i n g  t h e  o b s e r v a t i o n  of

desmosomes be t wee n  t h e  myoid and t h e  e p i t h e l i a l - r e t i c u l a r

c e l l s  ( G i l m o r e  & B r i d g e s ,  1 9 7 4 ;  H e n r y ,  1 9 7 2 ;  Tor o  e t  a l . ,  

1 9 6 9 ) .  Howe ve r ,  Bearman e t  a l .  ( 1 9 7 8 )  f a i l e d  t o  f i n d  any 

desmosomes be t wee n  t h e  myoid c e l l s  and t h e  s u r r o u n d i n g  

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

t e c h n i q u e s  have shown t h a t  myoid c e l l s  c o n t a i n  s t r i a t e d

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

m u s c l e ,  wher eas  t h e  e p i t h e  I i a  I - r e t i c u I  a r  c e l l s  c o n t a i n
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m u s c l e - l i k e  myosi n o n l y  ( G i l m o r e  & B r i d g e s ,  1 9 7 4 ) .  The 

f u n c t i o n ,  i f  a n y ,  o f  myoid c e l l s  i n  t h e  t hymus i s  unknown.

I t  has been s u g g e s t e d  t h a t  t h e y  may p l a y  a r o l e  i n

i n i t i a t i n g  an aut oi mmune r e spons e  t o  s t r i a t e d  muscl e  c e l l s

( I t o  e t  a l . ,  1 9 6 9 ) ,  and t h e i r  o c c u r r e n c e  has a t t r a c t e d  much 

a t t e n t i o n  i n  r e l a t i o n  t o  t h e  p a t h o g e n e s i s  o f  my a s t h e n i a

g r a v i s  ( Mackay  & G o l d s t e i n ,  1 9 6 7 ;  S t r a u s s  & Van de r  G e l d ,

1 9 6 6 ) .  Mackay and G o l d s t e i n  ( 1 9 6 7 )  s p e c u l a t e d  t h a t  myoid  

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

c e l l s  n o r m a l l y  woul d s e r v e  t o  p r e s e r v e  t o l e r a n c e  t o  muscl es  

and t h a t  a d i s t u r b e d  t o l e r a n c e  t o  musc l e  s e l f - a n t i g e n  woul d  

r e s u l t  i n  m y a s t h e n i a  g r a v i s .  Howe ve r ,  s u f f i c i e n t  e v i d e n c e  

i s  no t  y e t  a v a i l a b l e  t o  p e r m i t  a f i n a l  c o n c l u s i o n  as t o  

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

m y a s t h e n i a  g r a v i s .

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

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

f e w e r  medium and l a r g e  l y mp h o c y t e s  and m i t o t i c  f i g u r e s  (Abe  

and I t o ,  1 9 7 0 ;  Hwang e t  a l . ,  1 9 7 4 ;  M e t c a l f ,  1 9 6 6 ) ;  t h i s  i s  

i n a d d i t i o n  t o  macr ophages  whi ch a r e  u s u a l l y  s i t u a t e d  c l o s e  

t o  t h e  c o r t i c o - m e d u  11 a r y  j u n c t i o n ,  and g e n e r a l l y  show 

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

et  a l . ,  1 9 7 4 ) .  Pl asma c e l l s ,  mast  c e l l s ,  and e o s i n o p h i l s  

a r e  a l s o  f ound at  t h e  c o r t i c o - m e d u 1 1  a r y  j u n c t i o n ,  u s u a l l y  

a d j a c e n t  t o  t h e  m e d u l l a r y  v e n u l e s  (Hwang e t  a l . ,  1 9 7 4 ) .  

O c c a s i o n a l  m y e l o c y t e s  were a l s o  r e p o r t e d  i n  t h e  m e d u l l a  of  

human thymus ( Bear man e t  a l . ,  1 9 7 8 ) .

C o n t r o v e r s y  e x i s t s  wh e t h e r  l ymphoi d  f o l l i c l e s  w i t h
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g e r m i n a l  c e n t r e s  a r e  p r e s e n t  i n t h e  nor ma l  t h y mu s ,  and i f  

s o ,  how o f t e n .  Many a u t h o r s  r e p o r t e d  t h e  p r e s e n c e  o f  

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

o f  human s u b j e c t s  who d i e d  s u d d e n l y  ( S l o a n ,  1 9 4 3 ) ,  or  of  

b i o p s i e s  o b t a i n e d  f rom p a t i e n t s  u n d e r g o i n g  s u r g e r y  f o r  

c o n g e n i t a l  h e a r t  c o n d i t i o n s  ( H e n r y ,  1 9 6 6 ;  M i d d l e t o n ,  1 9 6 7 ;  

V e t t e r s  S B a r c l a y ,  1 9 7 3 ) .  Howe v e r ,  Ander son ( 1 9 5 6 )  and 

C a s t l e ma n  and N o r r i s  ( 1 9 4 9 )  s t a t e d  t h a t  g e r m i n a l  c e n t r e s  

d i d  not  o c c u r  i n  t h e  thymus g l a n d s  o f  nor ma l  human 

s u b j e c t s .  G o l d s t e i n  and Mackay ( 1 9 6 7 ) ,  i n  t h e i r  s t u d y  o f  

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

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

who d i e d  a f t e r  b r i e f  i l l n e s s e s ,  d e t e c t e d  g e r m i n a l  c e n t r e s  i n  

o n l y  2 out  o f  94 i n d i v i d u a l s .  G o l d s t e i n  and Mackay  

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

m e d u l l a r y  g e r m i n a l  c e n t r e s  i n  t h e  human t hymus g l a n d s  c ou l d  

be due t o  t h e  v a r i o u s  c r i t e r i a  t h a t  have been used t o  

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

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

not  be " t r u e "  g e r m i n a l  c e n t r e s  i f  t h e y  l a c k e d  " t i n g i b l e  

body ma cr opha ges"  and m i t o t i c  f i g u r e s .  Under  c e r t a i n  

e x p e r i m e n t a l  and p a t h o l o g i c a l  c o n d i t i o n s ,  h o we v e r ,  g e r m i n a l  

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

d i f f e r e n t  a n i ma l s  (Abe 8 I t o ,  1 9 7 0 ;  K o t a n i  et  a l . ,  1 96 7 ;  

M a r s h a l l  8 W h i t e ,  1 9 6 1 ) .  T h i s  may s u g g e s t  t h a t  t h e  me d u l l a  

i s  immuno l o g i c a  I l y  a b l e  t o  respond t o  a n t i g e n s ,  a l t h o u g h  

t h e  mechani sm o f  t h e  f o r m a t i o n  o f  t h e s e  g e r m i n a l  c e n t r e s
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r e ma i n s  u n d e t e r m i n e d .

The p r e s e n c e  o f  v a r i a b l e  numbers o f  f i b r o b l a s t s ,  

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

has a l s o  been r e p o r t e d  i n  t h e  thymus g l a n d s  o f  humans and 

i n  d i f f e r e n t  a n i ma l  s p e c i e s  ( B l o o d w o r t h  e t  a l . ,  1 9 7 5 ;  

W e i s s ,  1 9 8 3 ;  and a l s o  r e v i e w e d  i n  "The Thymus G l a n d 1' e d i t e d  

by M. K e n d a l l ,  1 9 8 1 ) .  T h i s  c o u l d  be e x p l a i n e d  by t h e  f a c t  

t h a t  t h e  thymus can host  many more c e l l  l i n e s  t ha n  t h e  T -  

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

t h e s e  l i n e s  c o u l d  be p r e s e n t  i n t h e  t hymus and c o n t r i b u t e  

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

mi c r o s c o p e .
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B . VASCULATURE OF THE JHYMUS GLAND

B . i d i s t r i b u t i o n

The a n g i o a r c h i t e c t u r e  o f  t h e  thymus has been  

t h o r o u g h l y  s t u d i e d ,  bot h  by i n t r a v a s c u l a r  i n j e c t i o n  o f  dyes  

and by h i s t o l o g i c a l  s e c t i o n s ,  i n  a v a r i e t y  o f  a n i ma l s  ( Abe  

& I t o ,  1 9 7 4 ;  C l a r k ,  1 9 6 4 ;  I t o  & H o s h i n o ,  1 9 6 6 ;  Kar don & 

K e s s e l ,  1 9 8 1 ;  K o s t o w i e c k i ,  1 9 6 7 ;  Kr a ma r s k y  e t  a l . ,  1 96 7 ;  

R a v i o l a  & K a r n o v s k y ,  1 9 7 2 ;  We i s s ,  1 9 6 3 ) ;  and i n human 

( Bear man e t  a l . ,  1 9 7 5 ;  Bl anc  e t  a l . ,  1 9 7 3 ;  Kameya 8 

W a t a n a b e ,  1 9 6 5 ;  P i n k e l ,  1 9 6 8 ) .  A c c o r d i n g  t o  t h e s e  a u t h o r s ,  

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

l i n k e d  w i t h  t h e  l o b u l a t i o n  o f  t h e  o r g a n .  Thymi c a r t e r i e s  

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

t h y r o i d  b l o o d  v e s s e l s )  e n t e r  t h e  thymus f r om t h e  

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

l Q t § £ i 2 d y i § £  a r t e r i e s ,  and g i v e  o f f  l a t e r a l  b r a n c h e s ,  t h e  

1 0 £ £ § i 2 ^ 2 i § £  a r t e r i e s ,  s i t u a t e d  i n s e c o n d a r y  s e p t a  ( F i g .  

4 3 ) .  At  t h e  c o r t i c o - m e d u  11 a r y  b o u nda r y  t h e s e  a r t e r i e s  

d i v i d e  i n t o  § £ £ 2 £ i 2 i § §  t h a t  f o l l o w  t h e  b o u n d a r y .  

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

c o r t e x ,  wher eas  o n l y  a few c a p i l l a r i e s  a r e  d e s t i n e d  f o r  t h e  

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

r a d i a t i n g  c o u r s e ,  p e r p e n d i c u l a r  t o  t h e  c o r t i c o - m e d u 1 1  a r y  

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

c a p i l l a r i e s  t u r n  t o wa r d s  t h e  m e d u l l a ,  and j o i n  t o  f or m 

p o s t - c a p i l l a r y  v e n u l e s .  These v e n u l e s  empty i n t o  v e i n s  

whi ch a r e  s i t u a t e d  at  t h e  c o r t i c o - m e d u  I l a r y  j u n c t i o n  and
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whi ch i n  t u r n  d r a i n  i n t o  t h e  i n t e r l o b u l a r  v e i n s  f o l l o w i n g  

a r t e r i a l  b r a n c h i n g .  Some c o r t i c a l  c a p i l l a r i e s  d r a i n  

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

v e i n s  empt y i n t o  t h e  l e f t  i n n o m i n a t e  ( b r a c h i o c e p h a l i c )  and 

t h y r o i d  v e i n s .

B . i i  U l t r a s t r u c t u r e :

U l t r a s t r u c t u r a l  i n v e s t i g a t i o n s  o f  t h y mi c  b l o o d  

v e s s e l s  i n  v a r i o u s  l a b o r a t o r y  a n i m a l s  (Abe & I t o ,  1 97 4 ;  

Chapman & Bopp,  1 97 0 ;  C l a r k ,  1 9 6 3 ,  1 9 6 4 ;  I t o  & H o s h i n o ,

1 9 6 6 ,  R a v i o l a  & K a r n o v s k y ,  1 9 7 2 ;  W e i s s ,  1 9 6 3 ) ,  and humans 

( B l a n c  e t  a l . ,  1 9 7 3 ) ,  s ugge s t  t h a t  t h e  p e r i p h e r a l  p a r t  o f  

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

d i a m e t e r ,  w h i l s t  t h e  deep c o r t e x  c o n t a i n s  v e s s e l s  of

v a r i o u s  s i z e s .  The d i a m e t e r  o f  t h e  c a p i l l a r i e s  v a r i e s  f r om 

3 . 5  -  7 . 0  um,  and t h e i r  w a l l  c o n s i s t s  o f  e n d o t h e l i a l  c e l l s ,  

b a s a l  l a m i n a ,  and a t h i n  a d v e n t i t i a l  l a y e r  of  c o l l a g e n

f i b r e s  and an o c c a s i o n a l  p e r i c y t e  (Chapman & Bopp,  1 9 7 0 ;

I t o  & H o s h i n o ,  1 9 6 6 ;  R a v i o l a  & K a r n o v s k y ,  1 9 7 2 ;  We i s s ,  

1 9 6 3 ) .  The e n d o t h e l i a l  c e l l  j u n c t i o n s  a r e  s i m p l e  

a p p r o x i m a t i o n s ,  whi ch o c c a s i o n a l l y  i n t e r d i g i t a t e .

D e n s i t i e s  i n t h e  c e l l  membrane at  c e l l  j u n c t i o n s ,

s u g g e s t i v e  o f  desmosomes,  a r e  p r e s e n t  (Abe & I t o ,  1 9 7 4 ;

R a v i o l a  & K a r n o v s k y ,  1 97 2 ;  We i s s ,  1 9 6 3 ) .  The e n d o t h e l i a l  

c e l l s  f or m a c o n t i n u o u s  l i n i n g  w i t h o u t  any f e n e s t r a t i o n s  or  

p o r e s  ( Bear man e t  a l . ,  1 9 7 5 ;  C l a r k ,  1 9 6 3 ;  Hwang et  a l . ,  

1 9 7 4 ;  Kameya S Wa t a n a b e ,  1 9 6 5 ;  We i s s ,  1 9 6 3 ) .  Ap a r t  f rom 

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

e n d o t h e l i a l  c e l l s  a l s o  e x t e n d  a b l u m i n a l  c y t o p l a s m i c
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p r o c e s s e s  i n t o  t h e  a d v e n t i t i a  ( R a v i o l a  & K a r n o v s k y ,  1 9 7 2 ;  

W e i s s ,  1 9 6 3 ) .  The e n d o t h e l i a l  c e l l s  c o n t a i n ,  i n  a d d i t i o n  

t o  t h e  u s u a l  compl ement  o f  o r g a n e l l e s ,  a mo d e r a t e  number  o f  

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

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

c y t o p l a s m  ( R a v i o l a  & K a r n o v s k y ,  1 9 7 2 ;  Van h a e l s t ,  1 9 6 7 ) .

A r t e r i o l e s ,  1 0 - 1 5  um i n d i a m e t e r ,  a r e  f ound at  t h e  

c o r t i c o - m e d u l l a r y  r e g i o n  and i n  t h e  m e d u l l a  ( I t o  & H o s h i n o ,  

1 9 6 6 ;  R a v i o l a  & K a r n o v s k y ,  1 9 7 2 ) .  The e n d o t h e l i a l  c e l l s  

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

p r o m i n e n t  Go l g i  compl ex and c y t o p l a s m i c  f i l a m e n t s  about  7 -  

8nm i n d i a m e t e r  ( R a v i o l a  & K a r n o v s k y ,  1 9 7 2 ;  We i s s ,  1 9 6 3 ) .  

A s i n g l e  l a y e r  o f  smooth muscl e  c e l l s  e n c i r c l e s  t h e  t u n i c a  

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

c o l l a g e n  f i b r e s  i n t e r s p e r s e d  w i t h  e l a s t i c  f i b r e s  ( R a v i o l a  & 

K a r novsk  y ,  1 97 2 )  .

R a v i o l a  and Ka r n o v s k y  ( 1 9 7 2 )  d e f i n e d  t h e  p o s t 

c a p i l l a r y  v e n u l e s  o f  t h e  mouse thymus as l a r g e  v e s s e l s  ( 1 0 -  

50 um i n  d i a m e t e r ) ,  l o c a t e d  i n  t h e  c o r t i c o - m e d u  11 a r y  r e g i o n  

and i n t h e  m e d u l l a .  The w a l l s  were i n f i l t r a t e d  w i t h  l a r g e  

numbers o f  m i g r a t i n g  l y m p h o c y t e s ,  maki ng t h e  v e s s e l s  b a r e l y  

d i s t i n g u i s h a b l e  f r om t h e  s u r r o u n d i n g  p a r e n c h y ma .  O p i n i o n s  

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

thymus seem c o n t r a d i c t o r y .  A c c o r d i n g  t o  E h r i c k  ( 1 9 6 3 )  and 

Y o f f e y  and C o u r t i c e  ( 1 9 7 0 ) ,  p o s t - c a p i l l a r y  v e n u l e s  a r e  

n e v e r  seen i n  t h e  t h y mu s ,  but  C l a r k  ( 1 9 6 3 )  r e g a r d e d  t h e  

v e n u l e s  o f  t h e  thymus as r e s e m b l i n g  t h e  s o - c a l l e d  " h i g h
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e n d o t h e l i a l  p o s t - c a p i l l a r y  v e n u l e s 11 o f  lymph n o d e s ,  t o n s i l s  

and P e y e r ' s  p a t c h e s  i n m i c e .  S a i n t e - M a r i e  and L e b l o n d  

( 1 9 6 4 ) ,  c o n c e i v i n g  t h e  p o s t - c a p i l l a r y  v e n u l e s  o f  t hymus as 

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

l y mp h o c y t e  d i a p e d e s i s  t h r o u g h  t h e  ( n o t  v e r y  h i g h )

e n d o t h e l i u m  o f  t h y mi c  v e n u l e s .  They c o n s i d e r e d  t h e s e

v e s s e l s  t o  r e s e mb l e  t h e  h i g h - e n d o t h e l i a l  p o s t - c a p i l l a r y  

v e n u l e s  o f  l ymph n o d e s .

I t o  and Hoshi no ( 1 9 6 6 )  r e p o r t e d  t h a t  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  v e n u l e s  or  v e i n s  o f  t h e  mouse thymus wer e  

u s u a l l y  f l a t t e n e d .  They commented on t h e  v a r i a b i l i t y  of  

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

c e l l s  and r e p o r t e d  on t h e  p r e s e n c e  o f  smooth muscl e  c e l l s  

and a d v e n t i t i a l  c e l l s  o u t s i d e  t h e  basement  membrane.

A l t h o u g h  I t o  and Hoshi no ( 1 9 6 6 )  m a i n t a i n e d  t h a t  d i a p h e d e s i s  

o f  l y mp h o c y t e s  was not  o b s e r v e d  a c r o s s  t h e  v a s c u l a r  w a l l ,  

i n  a l a t e r  p u b l i c a t i o n  Abe and I t o  ( 1 9 7 4 )  r e p o r t e d  t h a t  t h e  

w a l l s  o f  t h e  m e d u l l a r y  v e n u l e s  were somet i mes  i n f i l t r a t e d  

w i t h  m i g r a t i n g  l y m p h o c y t e s .  R a v i o l a  and K a r n o v s k y  ( 1 9 7 2 )  

o f t e n  f ound l ymp h o c y t e s  s a ndwi ched  be t wee n  t h e  e n d o t h e l i a l  

c e l l s  and t h e i r  b a s a l  l ami na  or  p e n e t r a t i n g  t h e  e n d o t h e l i u m  

t h r o u g h  t h e  i n t e r c e l l u l a r  s p a c e s .  Howe ve r ,  t h e y  d i d  not  

e x c l u d e  t h e  p o s s i b i l i t y  t h a t  l ymp h o c y t e s  c o u l d  a l s o  

p e r f o r a t e  t h e  e n d o t h e l i a l  c y t o p l a s m as r e p o r t e d  by Tor o  and 

Ol ah ( 1 9 6 7 )  i n  g u i n e a - p i g  thymus and Ma r c h e s i  and Gowans 

( 1 9 6 4 )  i n  t h e  p o s t - c a p i l l a r y  v e n u l e s  o f  lymph n ode s .  

G o l d s t e i n  e t  a l .  ( 1 9 6 8 ) ,  G o l d s t e i n  and Mackay ( 1 9 6 9 ) ,  and 

P i n k i e  ( 1 9 6 8 )  r e p o r t e d  t h a t  t h e  m e d u l l a r y  v e s s e l s  o f  t h e
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human thymus had a h i gh  e n d o t h e l i a l  w a l l  s u r r o u n d e d  by a 

ba se ment  membrane,  and showed t h e  p r e s e n c e  o f  l y mph oc y t e s  

"en p a s s a g e 1' t h r o u g h  t h e  e n d o t h e l i u m  o f  t h e s e  v e s s e l s .  

They s u g g e s t e d  t h a t  t h i s  c o u l d  be t h e  m o r p h o l o g i c a l  

e v i d e n c e  o f  c e l l  t r a f f i c  be t ween  t h e  thymus and t h e  b l o o d  

v e s s e l s .  S o d e r s t r o m e t  a l .  ( 1 9 7 0 )  d i d  not  f i n d  t r u e  h i g h -  

e n d o t h e l i a l  p o s t - c a p i l l a r y  v e n u l e s  i n  t h e i r  s t u d y  of  human 

t h y mi c  m a t e r i a l .  Howe ver ,  t h e y  f r e q u e n t l y  f ound v e n u l e s  

w i t h  o r d i n a r y  or  even r a t h e r  t h i n  e n d o t h e l i a l  c e l l s  t h a t  

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

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

showed l y mp h o c y t e  d i a p e d e s i s  i n  t h e  nor ma l  human t hymus:  

wi de  v e n u l e s  w i t h  a r a t h e r  t h i n  e n d o t h e l i u m ,  m a i n l y  f ound  

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

w i t h i n  or  c l o s e  t o  t h e  c o r t e x .  Howe ve r ,  u l t r a s t r u c t u r a l  

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

e n d o t h e l i u m  i n t h e  human thymus was not  o b s e r v e d  by 

Bearman e t  a l  ( 1 9 7 5 ) ,  Von Gaudec ker  ( 1 9 7 8 )  or  Kameya and 

Wat anabe  ( 1 9 6 5 ) .

F e n e s t r a t e d  c ag i_ 11 a r i e s : A l l  t h e  t h y mi c  b l o o d  c a p i l l a r i e s

so f a r  c o n s i d e r e d  were r e g a r d e d  as c o n t i n u o u s ,  w i t h o u t  any 

p o r e s  or  f e n e s t r a e .  P r o b a b l y  t h e  f i r s t  r e p o r t  on t h e  

p r e s e n c e  o f  f e n e s t r a t e d  c a p i l l a r i e s  i n  t h e  thymus was

p u b l i s h e d  by Kr a ma r s k y  et  a l .  ( 1 9 6 7 ) .  These a u t h o r s

r e p o r t e d  t h a t ,  i n  t h e  mouse t hy mus ,  f e n e s t r a t e d  c a p i l l a r i e s  

were f ound bo t h  i n t h e  c a p s u l e  and i n t h e  t h y mi c  

p a r e n c h y ma .  The 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 a l  c e l l s
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were u s u a l l y  l o c a t e d  at  some d i s t a n c e  f r om t h e  c e l l  

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

f e n e s t r a t i o n s  measured a p p r o x i m a t e l y  3 0 -  4 7 n m i n  d i a m e t e r  

and were  c l o s e d  by a membrane about  6 . 5nm t h i c k .  The r e s t  

of  t h e  s t r u c t u r e  o f  t h e  v e s s e l  w a l l  was s i m i l a r  t o  t h a t  

r e p o r t e d  by o t h e r  a u t h o r s .  The p r e s e n c e  o f  f e n e s t r a t e d  

c a p i l l a r i e s  i n  t h e  t hymus was used as an ar gument  a g a i n s t  

t h e  e x i s t e n c e  o f  a b l o o d - t h y m u s  b a r r i e r  ( K r a ma r s k y  et  a l . ,

1 9 6 7 )  .

R a v i o l a  and K a r n o v s k y  ( 1 9 7 2 )  f ound a few b l o o d  

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

p e r i p h e r y  o f  t h e  t h y mi c  c o r t e x .  They r e p o r t e d  no more t h a n  

1 - 3  f e n e s t r a t i o n s  a l ong  t h e  e n t i r e  c i r c u m f e r e n c e  o f  a 

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

f e n e s t r a t i o n s  was s i m i l a r  t o  t h a t  d e s c r i b e d  by Kr a ma r s k y  et  

a l  ( 1 9 6 7 ) .  R a v i o l a  and K a r n o v s k y  ( 1 9 7 2 )  s t r e s s e d  t h a t  such 

f e n e s t r a t e d  c a p i l l a r i e s  were more common i n  t h e  t h y mi c  

c o n n e c t i v e  t i s s u e  c a p s u l e  e s p e c i a l l y  i n a s s o c i a t i o n  w i t h  

h e t e r o g e n o u s  c l u s t e r s  o f  c o n n e c t i v e  t i s s u e  c e l l s  such as 

ma c r o p h a g e s ,  mast  c e l l s ,  a d i p o s e  c e l l s  and " f i b r o b l a s t -  

l i k e "  e l e m e n t s .  As t h e  f e n e s t r a t e d  c a p i l l a r i e s  were  

commonl y l o c a t e d  o u t s i d e  t h e  t h y mi c  p a r e n c h y ma ,  R a v i o l a  and 

K a r n o v s k y  ( 1 9 7 2 )  r u l e d  out  t h e  p o s s i b i l i t y  o f  t h e i r  

r e l a t i o n s h i p  w i t h  t h e  e n d o c r i n e  f u n c t i o n  o f  t h e  t hy mus ,  

a l t h o u g h  t h e y  s u g g e s t e d  t h a t  t h e y  c o u l d  be r e l a t e d  t o  t h e  

d e v e l o p me n t  o f  a d i p o s e  t i s s u e  ( as  t h e  thymus i n v o l u t e s )  and 

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

h i s t o g e n e s i s  o f  t h e  f a t  l o b u l e .  Wi t h o u t  g o i n g  i n t o  t he
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d e t a i l s  o f  t h e i r  s i g n i f i c a n c e ,  Abe and I t o  ( 1 9 7 4 )  r e p o r t e d  

t h a t  a number  o f  c a p i l l a r i e s ,  j u s t  unde r  and w i t h i n  t h e  

t h y mi c  c a p s u l e ,  had an e x t r e m e l y  a t t e n t u a t e d  and 

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

c a p i l l a r i e s  i n  t h e  human thymus has a l s o  been r e p o r t e d  by 

Si ngh ( 1 9 8 0 ) .  He r e c o g n i s e d  a s m a l l  number  o f  c a p i l l a r i e s ,  

m a i n l y  i n  t h e  m e d u l l a r y  par enchyma and l e s s  f r e q u e n t l y  i n  

t h e  c o r t e x ,  whi ch showed t h e  p r e s e n c e  o f  f e n e s t r a t i o n s  i n  

t h e i r  a t t e n u a t e d  e n d o t h e l i u m .  T h u s ,  Si ngh ( 1 9 8 0 )  used t h a t  

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

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

B . i i i  P e r i v a s c u l a r  spaces

Wi t h  i mpr oved t e c h n i q u e s  f o r  r e t i c u l a r  f i b r e

i m p r e g n a t i o n ,  S t r a n d b u r g  ( 1 9 1 7 )  d e m o n s t r a t e d  a b l a c k -

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

as w e l l  as i n t h e  c o r t e x ,  o f  8 t o  9 month o l d  human

f e t u s e s .  He made no f u r t h e r  comment on t h e  o r i g i n  or  

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

p r e s e n c e  o f  a second r e t i c u l a r  s h e a t h  ar ound t h e  

i n t r a t h y m i c  a r t e r i e s ,  v e i n s  and c a p i l l a r i e s  was a l s o  no t e d  

by Smi t h  and I r e l a n d  ( 1 9 4 1 ) ,  who c o n s i d e r e d  i t  t o  be a 

c h a r a c t e r i s t i c  f e a t u r e  o f  t h e  t h y mi c  b l o o d  v e s s e l s  o f  mi c e .  

The two r i n g s ,  t h e  o u t e r  and t h e  i n n e r  r e t i c u l a r  r i n g s ,

were s e p a r a t e d  f rom each o t h e r  by t h y mi c  c e l l s ,  

p r e d o m i n a n t l y  l y m p h o c y t e s .  K o s t o w e i c k i  ( 1 9 6 7 )  c o n f i r m e d  

t h e  f i n d i n g s  o f  Smi t h and I r e l a n d  ( 1 9 4 1 )  and s u g g e s t e d  t h a t  

a " s p a c e " ,  wi de  ar ound l a r g e  b l o o d  v e s s e l s  and n a r r o w or
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a l mo s t  o b l i t e r a t e d  ar ound t h e  c a p i l l a r i e s ,  was p r e s e n t  

b e t we e n  t h e  two r e t i c u l a r  r i n g s  and c o n t a i n 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  c o n c e n t r i c a l l y  a r r a n g e d  a r ound t h e  w a l l  

o f  t  he v e s s e  Is .

Bearman et  a l .  ( 1 9 7 5 )  and Von Gaudecker  ( 1 9 7 8 ) ,  bo t h  

u s i n g  human t h y mi c  t i s s u e  and e l e c t r o n  mi c r o s c o p y  showed 

t h a t  r e t i c u l a r  s t a i n s  a l l o w e d  t h e  p e r i v a s c u l a r  space t o  be 

e a s i l y  d i s t i n g u i s h e d  f rom t h e  s u r r o u n d i n g  p a r e n c h y ma .  Two 

d i s t i n c t  b a s a l  l a mi n a e  were o b s e r v e d ;  one was a s s o c i a t e d  

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

e p i t h e l i a l - r e t i c u l a r  c e l l s  of  t h e  t h y mi c  p a r e n c h y ma .  

Bet ween t h e s e  two b a s a l  l a mi n a e  were v a r y i n g  numbers o f

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

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

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

The p r e s e n c e  o f  a c o n n e c t i v e  t i s s u e  space s e p a r a t i n g  

t h e  t h y mi c  v a s c u l a t u r e  f rom t h e  par enchyma r e s u l t e d  i n t h e  

space  b e i n g  r e f e r r e d  t o  as a s e p a r a t e  " c o mp a r t me n t "  o f  t h e  

t hymus ( C l a r k ,  1 9 7 3 ) .  K o s t o w e i c k i  ( 1 9 6 7 )  s t a t e d  t h a t  t h i s  

p e r i v a s c u l a r  s p a c e ,  e n c l o s e d  be t ween  t h e  two r e t i c u l a r  

f i b r e  r i n g s ,  was f or med by t h e  e n v e l o p me n t  o f  a v e s s e l  and 

a p o r t i o n  o f  i t s  s u r r o u n d i n g  mesenchyme by t h e  g r o wi n g

thymus and was,  i n f a c t ,  e x t r a - p a r e n c h y m a l .  L e v i n e  e t  a l .

( 1 9 7 5 )  r e c o g n i s e d  e p i t h e l i a l  and mesenchymal  component s of  

t h e  t h y mu s ,  and c o n s i d e r e d  t h e  or gan d i v i d e d  i n t o  two 

c o m p a r t m e n t s .  They d e f i n e d  an " i n t r a p a r e n c h y m a  I "

compar t ment  ( I P C )  composed o f  l y m p h o e p i t h e l i a l  c o r t e x  and 

m e d u l l a ,  and an " e x t r a p a r e n c h y m a l "  c o m p a r t m e n t  ( EPC)
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composed o f  b l o o d  v e s s e l s  and s u r r o u n d i n g  c o n n e c t i v e  

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

l a mi n a  e x c l u d e s  t h e  (EPC)  and i t  i s ,  i n  f a c t ,  t h e  b o r d e r  o f  

t h e  ( I P C )  and i s  c o n t i n u o u s  w i t h  t h e  s u b c a p s u l a r  e p i t h e l i a l  

b o r d e r  a r ound t h e  p e r i m e t e r  o f  t h e  g l a n d .  F u r t h e r  e v i d e n c e  

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

p r o v i d e d  by P e r e i r a  and C l e r mo n t  ( 1 9 7 1 )  and Von Gaudecker  

( 1 9 7 8 )  who d e m o n s t r a t e d  c o n t i n u i t y  be t wee n  t h e  space and 

t h e  e x t r a t h y m i c  c o n n e c t i v e  t i s s u e .

L e b l o n d  and S a i n t e - M a r i e  ( 1 9 6 0 )  c a l l e d  t h e  

p e r i v a s c u l a r  space a d o u b l e - w a l l e d  l y m p h a t i c  v e s s e l ;  but  

C l a r k  ( 1 9 6 3 ) ,  who s t u d i e d  t h e  t hymus o f  mouse w i t h  t h e  

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

l y m p h a t i c  e n d o t h e l i u m  l i n i n g  t h e  s p a c e ,  t h e s e  c o u l d  not  be 

r e g a r d e d  as l y m p h a t i c  v e s s e l s .  Ko ba y as h i  e t  a l .  ( 1 9 6 4 )  

f ound  t h e  p e r i v a s c u l a r  space c o mmu n i c a t i n g  w i t h  t h e  

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

Bearman e t  a l .  ( 1 9 7 5 )  and C l a r k  ( 1 9 7 3 )  t h e  p e r i v a s c u l a r  

space may f u n c t i o n  as t h e  f i n a l  pa t hway  f o r  e m i g r a t i o n  o f  

l y mp h o c y t e s  f r om t h e  t h y mu s .  A l s o ,  t h e  space may be t h e  

s i t e  at  whi ch t h e  t h y mi c  l ymp h o c y t e s  a r e  f i r s t  exposed t o  

c i r c u l a t i n g  a n t i g e n s .

B . i v B l o o d - t h y mu s  b a r r i e r

As an e x p l a n a t i o n  o f  t h e  a p p a r e n t  i m m u n o l o g i c a l  

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

c o n c e p t  o f  a h e m a t o - t h y m i c  b a r r i e r  was s u g g e s t e d  by 

M a r s h a l l  and Wh i t e  ( 1 9 6 1 ) .  They showed t h a t  d i r e c t

136



i n j e c t i o n  o f  a n t i g e n s  i n t o  t h e  t hymus of  g u i n e a - p i g

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

c e l l s  and t h e  p r o d u c t i o n  of  a n t i b o d i e s .  A c c o r d i n g  t o  them

t h e  f a i l u r e  o f  t h e  thymus t o  r e a c t  t o  c i r c u l a t i n g  a n t i g e n s  

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

of  a n t i g e n s  i n t o  t h e  t h y mu s ,  or  t o  t h e  l a c k  of  a s u i t a b l e  

p h a g o c y t i c  mechani sm t o  s e g r e g a t e  a n t i g e n  i n  t h e  g l a n d .  As 

t h e y  f ound l a r g e  numbers of  r e t i c u I o - e n d o t h e  I i a  I c e l l s  i n  

t h e  nor ma l  t hymus and r a p i d  p h a g o c y t o s i s  o f  bot h  v i t a l  dye  

and a n t i g e n i c  m a t e r i a l  f o l l o w i n g  l o c a l  i n j u r y ,  t h e y  

c o n c l u d e d  t h a t  a b a r r i e r  e x i s t e d  be t we e n  b l o o d  and 

par enchyma o f  t h e  t hymus .

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

b a r r i e r  was s u g g e s t e d  by t h e  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  C l a r k  ( 1 9 6 3 )  on t h e  mouse t hymus .  He 

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

t o  each o t h e r  by desmosomes and l y i n g  on t h e  basement  

membrane be t we e n  t h e  p a r e n c h y ma l  l ymphoi d  c e l l s  and t h e  

b l o o d  v e s s e l s .  Thus ,  t h e  c o m b i n a t i o n  of  e n d o t h e l i a l  c e l l s  

w i t h  t h e i r  b a s a l  l a m i n a 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  

space ( o f t e n  c o n t a i n i n g  c e l l s ) ,  and b a s a l  l a mi n a e  of  t h e  

a s s o c i a t e d  e p i t h e  I i a  I - r e t i c u I  ar  c e l l s ,  f or med t h e  b l o o d -  

t hymus b a r r i e r .  S i m i l a r  o b s e r v a t i o n s  were  r e p o r t e d  by 

C l e r mo n t  and P e r e i r a  ( 1 9 6 5 ) ,  Lund i n  and S c h e l i n  ( 1 9 6 5 ) ,  and 

Van H a e l s t  ( 1 9 6 7 )  i n  r a t  t hymus;  Chapman and Bopp ( 1 9 7 0 )  

and G o r g o l l o n  and O t t o n e - A n a y a  ( 1 9 7 8 )  i n  c a n i n e  t hymus;  and 

Bearman e t  a l .  ( 1 9 7 5 ;  1 9 7 8 ) ,  B l o o d w o r t h  e t  a l .  ( 1 9 7 5 ) ,

Kameya and Wat anabe  ( 1 9 6 5 ) ,  P i n k e l  ( 1 9 6 8 )  and Rosai  and
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L e v i n e  ( 1 9 7 6 )  i n  t h e  human t h y mu s .  As f a r  as t h e  h e m a t  o — 

t h y mi c  b a r r i e r  o f  M a r s h a l l  and Wh i t e  ( 1 9 6 1 )  i s  c o n c e r n e d ,  a 

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

o f  i t s  e x i s t e n c e  i n  t h e  t hymus .

I t o  and Hoshi no ( 1 9 6 6 )  i n  t h e  mouse thymus and Von

Ga u d e c k e r  ( 1 9 7 8 )  i n  t h e  human t h y mu s ,  have shown t h a t  t h e  

e p i t h e l i a l - r e t i c u l a r  c e l l  l a y e r  whi ch s e p a r a t e d  t h e  

p e r i v a s c u l a r  space f r om t h e  t h y mi c  p a r e n c h y ma ,  i n t h e  

c o r t e x  as w e l l  as i n t h e  m e d u l l a ,  had f r e q u e n t

i n t e r c e l l u l a r  gaps t h r o u g h  whi ch t h e  p e r i v a s c u l a r  space  

communi ca t ed  w i t h  t h e  p a r e n c h y ma .  Thus ,  l y mp h o c y t e s  and 

macr ophages  w i t h i n  t h e  e p i t h e l i a l  f r amewor k  a p p e a r e d  t o  

pass  f r e e l y  be t wee n  t h e  p e r i v a s c u l a r  spaces and t h e  t h y mi c  

par enchyma  t h r o u g h  t h e s e  i n t e r - e p i t h e l i a l  g a p s .  Hwang e t  

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

t h e  r a t  thymus showed t h a t  t h e  s i d e  w a l l s  o f  t h e

p e r i v a s c u l a r  c h a n n e l s  ( a s  seen i n 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 )  r e p r e s e n t e d  me r e l y  t h e  l o n g i t u d i n a l  s e c t i o n s  o f  

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

c h a n n e l s  were i n t e r r u p t e d  by a l a r g e  number  o f  

i n t e r t r a b e c u  I a r  spaces and w e r e ,  t h e r e f o r e ,  not  t r u l y  a 

c o n t i n u o u s  p a r t i t i o n .  A s i m i l a r  e p i t h e  I i a  I - r e t i c u I  ar  c e l l  

a r r a n g e m e n t  was seen ar ound t h e  c o r t i c a l  c a p i l l a r i e s  as 

w e l l  as ar ound t h e  l a r g e r  b l o o d  v e s s e l s  i n t h e  m e d u l l a .

A number  o f  s u b s t a n c e s  i n c l u d i n g  some v i t a l  d y e s ,  

e l e c t r o n - o p a q u e  t r a c e r s  and a n t i g e n s  were f ound t o  make 

t h e i r  way i n t o  t h e  t hy mus ,  e s p e c i a l l y  i n t h e  m e d u l l a ,
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w h e t h e r  i n t r o d u c e d  s u b c u t a n e o u s l y ,  i n t r a v e n o u s l y ,  or  by 

d i r e c t  i n j e c t i o n  o f  a n t i g e n s  i n t o  t h e  t h o r a c i c  c a v i t y  (Abe  

& I t o ,  1 9 7 4 ;  Chapman S Bopp,  1 9 7 0 ;  C l a r k ,  1 9 6 4 ;  

K o s t o w e i c k i ,  1 9 6 2 ,  1 9 6 7 ;  K o u v a l a i n e n  & G i t l i n ,  1 9 6 7 ;  

S a i n t  e - M a r i e ,  1 9 6 3 ;  R a v i o l a  & K a r n o v s k y ,  1 9 7 2 ) .  Thus t h e  

f a i l u r e  o f  t h e  thymus t o  y i e l d  a n t i b o d y  f o r mi n g  c e l l s  does  

not  r e s u l t  f r om i t s  non p e n e t r a t i o n  by a n t i g e n s  ( S a i n t e -  

M a r i e ,  1 9 6 3 ) .  However ,  t h e  t h y mi c  b l o o d  v e s s e l s  g e n e r a l l y  

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

t o  c i r c u l a t i n g  t r a c e r s .  The p e r m e a b i l i t y  i s  known t o  be 

r e l a t i v e l y  low compared w i t h  t h a t  i n o t h e r  l y m p h a t i c  

t i s s u e s  and i n t h e  p a n c r e a s  (Abe & I t o ,  1 9 7 4 ;  C l a r k ,  1 9 6 4 ;  

K o s t o w e i c k i ,  1 9 6 3 ) .

R a v i o l a  and Ka r n o v s k y  ( 1 9 7 2 )  showed t h a t  a l t h o u g h  

b l o o d - b o r n e  ma c r o mo l e c u l e s  d i d  p e n e t r a t e  t h e  t hy mus ,  t h e i r  

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

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

v a r i o u s  segment s  ( i . e .  t h e  a r t e r i o l e s ,  c a p i l l a r i e s  and t h e  

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

t h e  s p a t i a l  s e g r e g a t i o n  of  t h e s e  segment s  w i t h i n  t h e  l o b e s ;  

c) t h e  s t r a t e g i c  l o c a t i o n  o f  p a r e n c h y ma l  macr ophages  a l o n g  

t h e  v e s s e l s .  The c o r t i c a l  c a p i l l a r i e s  had i mp e r me a b l e  

e n d o t h e l i a l  c e l l  j u n c t i o n s .  A l t h o u g h  a s m a l l  amount  o f  

t r a c e r  was t r a n s p o r t e d  by p l a s ma l e mma l  v e s i c l e s  t h r o u g h  t h e  

c a p i l l a r y  e n d o t h e l i u m  (Abe & I t o ,  1 9 7 4 ) ,  t h i s  t r a c e r  was 

p r o m p t l y  e n g u l f e d  by macr ophages s t r e t c h e d  out  a l ong  t h e  

c o r t i c a l  c a p i l l a r i e s  and i t  d i d  not  r each t h e  i n t e r c e l l u l a r  

c l e f t s  be t wee n  t h e  e p i t h e l i a l - r e t i c u l a r  c e l l s .  L a r ge
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q u a n t i t i e s  o f  a l l  i n j e c t e d  t r a c e r s  escaped t h r o u g h  t h e  

c l e f t s  b e t wee n  m i g r a t i n g  l ymp h o c y t e s  and e n d o t h e l i a l  c e l l s  

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

A r t e r i o l e s  a l s o  had s ma l l  numbers o f  e n d o t h e l i a l  c e l l  

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

d i m e n s i o n s ,  bu t  t h e y  d i d  not  a l l o w  t h e  pa ssage  o f  t r a c e r s  

o f  h i g h e r  m o l e c u l a r  w e i g h t s .  The t r a c e r s  r e l e a s e d  by t h e s e  

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

but  were  n e v e r  f ound t o  r each t h e  c o r t i c a l  pa r e n c h y ma .  

T h u s ,  R a v i o l a  and Ka r n o v s k y  ( 1 9 7 2 )  c o n c l u d e d  t h a t  a b l o o d -  

thymus b a r r i e r  t o  c i r c u l a t i n g  ma c r o mo l e c u l e s  d i d  e x i s t ,  but  

was l i m i t e d  t o  t h e  c o r t e x .  M e d u l l a r y  l ymph ocy t e s  were  

f r e e l y  exposed t o  b l o o d - b o r n e  s u b s t a n c e s .  Kr a mar s k y  e t  a l .

( 1 9 6 7 ) ,  who were t h e  f i r s t  t o  d e m o n s t r a t e  t h e  p r e s e n c e  o f  

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

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

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

i n a v a r i e t y  o f  t i s s u e s .  T h u s ,  Kr a ma r s k y  e t  a l .  ( 1 9 6 7 )  

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

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

140



c ■ I N T R I N S I C  LYMPHATICS OF THE JHYMUS GLAND

S e v e r a l  s t u d i e s  on e x p e r i m e n t a l  a n i ma l s  ( H a r r i s  8 

T e m p l e t o n ,  1 9 6 8 ;  K o t a n i  e t  a l . ,  1 9 6 6 ,  1 9 6 7 ;  L e b l o n d  8

S a i n t e - M a r i e ,  1 9 6 0 ;  Omor i ,  1 97 3 ;  S i e g l e r ,  1 9 6 4 ;  S m i t h ,  

1 9 5 5 )  and humans ( Bear man et  a l . ,  1 9 7 5 ,  1 9 7 8 ;  B l a nc  e t  a l . ,  

1 9 7 3 ;  G o l d s t e i n  8 M a c k a y ,  1969 )  have r e p o r t e d  t h a t  t h e

t hymus g l a n d  has no a f f e r e n t  l y m p h a t i c  v e s s e l s .  E f f e r e n t  

l ymph v e s s e l s  l e a v e  t h e  c o n n e c t i v e  t i s s u e  s e p t a  and 

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

e t  a l .  ( 1 9 6 6 ,  196 7 )  f o r  t h e  g u i n e a - p i g  and r a t  t hy mus ,  and 

Smi t h  ( 1 9 5 5 )  f o r  t h e  mouse t hy mus ,  showed t h a t  e f f e r e n t  

l y m p h a t i c  v e s s e l s  f or med an e x t e n s i v e  ne t wor k  around t h y mi c  

b l o o d  v e s s e l s .  Howe ve r ,  some wo r k e r s  ( B l o o d w o r t h  e t  a l . ,  

1 9 7 5 ;  S i e g l e r ,  196 4 )  c l a i m e d  t h a t  i n  t h e  human t hymus t h e r e  

were no t r u e  l y m p h a t i c s ,  o n l y  t i s s u e  spaces whi ch were  

f ound i n  t h e  c a p s u l e ,  and d r a i n e d  t o  r e g i o n a l  lymph n o d e s .

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

l y m p h a t i c  v e s s e l s  i n t h e  thymus g l a n d  ( r e v i e w e d  by Hammar,  

1 9 2 1 ) .  Ho we v e r ,  Wat ney ( 1 8 8 2 ) ,  who s t u d i e d  t h e  thymus  

g l a n d s  o f  v a r i o u s  non- mammal i an and mammal i an s p e c i e s  

i n c l u d i n g  human,  s p e c i f i c a l l y  showed t h a t  l y m p h a t i c  v e s s e l s  

d i d  not  e x i s t  i n t h e  t h y mi c  c o r t e x .  He s u g g e s t e d  t h a t  

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

p o s s i b l y  a c t e d  as l y m p h a t i c  v e s s e l s .  S i m i l a r l y ,  Le b l o n d  

and S a i n t e - M a r i e  ( 1 9 6 0 )  r e g a r d e d  t h e  p e r i v a s c u l a r  spaces  as 

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

a l s o  c o n c l u d e d  t h a t ,  i n  t h e  r a t  t h y mu s ,  t h e  l y mp h o c y t e s
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t h a t  e n t e r e d  t h e  p e r i v a s c u l a r  c h a n n e l s  r e ached  t h e  b l o o d  

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

t h e  e n c l o s e d  b l o o d  v e s s e l s ,  or  by t r a v e l l i n g  a l o ng  t h e s e  

c h a n n e l s  t o  t h e  main l y m p h a t i c  v e s s e l s .  H a r r i s  and

T e m p l e t o n  ( 1 9 6 8 )  a l s o  r e g a r d e d  t h e  p e r i v a s c u l a r  spaces  as 

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

g u i n e a - p i g .  W h i l s t  t h e  o t h e r  t y p e  was t h e  " i n d e p e n d e n t  

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

n e u r o v a s c u l a r  b u n d l e s ,  were e n t i r e l y  d i s c r e t e  and not  

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

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

l a y  a t  t h e  ma r g i n s  o f  t h e  t h y mi c  l o b u l e s  and u l t i m a t e l y  

c o n v e r g e d  on t h r e e  main n e u r o v a s c u l a r  b u n d l e s ;  s u p e r i o r ,  

l a t e r a l  and m e d i a l  b u n d l e s  whi ch d r a i n  i n t o  t h e  t h y mi c

lymph nodes w h i c h ,  i n t u r n ,  d r a i n  i n t o  t h e  c e r v i c a l  venous  

s y s t e m.

K o t a n i  e t  a l .  ( 1 9 6 7 )  r e p o r t e d  t h a t  t h y mi c  l y m p h a t i c s  

began i n  t h e  p e r i v a s c u l a r  space and t h a t  t h e  s e p t a  and 

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

f r om t h e  p e r i v a s c u l a r  s p a c e .  Bl anc  e t  a l . ,  ( 1 9 7 3 )  

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

spaces  i n t h e  thymus o f  human n e o n a t e ,  whose s t r u c t u r e  i s  

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

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

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

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

W h i l e  Le b l o n d  and S a i n t e - M a r i e  ( 1 9 6 0 )  r e g a r d e d  t h e  

p e r i v a s c u l a r  space as a d o u b l e - w a l l e d  l y m p h a t i c  v e s s e l ,
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C l a r k  ( 1 9 6 3 ) ,  who s t u d i e d  t h e  mouse thymus w i t h  t h e  

e l e c t r o n  m i c r o s c o p e ,  s ug g e s t e d  t h a t  i n t h e  absence  o f  any  

l y m p h a t i c  e n d o t h e l i u m  l i n i n g  t h e  s p a c e ,  t h e s e  c o u l d  not  be 

r e g a r d e d  as l y m p h a t i c  v e s s e l s .

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

p e r i v a s c u l a r  spaces  may d r a i n ,  were f ound i n t h e  s e p t a  and 

i n  t h e  c a p s u l e  s u r r o u n d i n g  t h e  t h y mi c  l o b u l e s  ( Bear man e t  

a l . ,  1 9 7 5 ,  1 9 7 8 ;  Kameya 8 Wa t a na be ,  1 9 6 5 ;  Koba y as h i  e t  a l . ,  

1 9 6 4 ) ;  a number  o f  whi ch were packed w i t h  l ymphoi d  c e l l s  

( Bear man e t  a l . ,  1 9 7 8 ;  Omo r i ,  1 9 7 3 ) .

The 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  v e s s e l s  i n  t h e  dog 

t hymus was s t u d i e d  by Omori  ( 1 9 7 3 ) ,  who r e p o r t e d  t h a t  l a r g e  

l ymph v e s s e l s  w i t h  v a l v e s  e x i s t e d  i n  t h e  c a p s u l e  and i n  t h e  

i n t e r l o b u l a r  s e p t a  and accompani ed b l o o d  v e s s e l s .  He 

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

was c o n t r a r y  t o  t h e  f l o w  of  b l o o d  i n  t h e  a r t e r i e s .  Two 

t y p e s  o f  l ymph v e s s e l s  were d e s c r i b e d  by Omori  ( 1 9 7 3 )  i n  

r e l a t i o n  t o  t h e  pa r enchyma;  " C y s t i f o r m "  l y m p h a t i c  v e s s e l s  

were s i t u a t e d  c l o s e  t o  t h e  s u r f a c e  o f  t h e  c o r t e x ,  w h i l s t  

o t h e r s ,  s m a l l  i n s i z e ,  were f ound n e a r  t h e  c o r t i c o -  

m e d u l l a r y  r e g i o n s  accompanyi ng b l o o d  v e s s e l s .  These  

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

were no v a l v e s  i n t h e  lymph v e s s e l s  t h a t  a d j o i n e d  t h e  

p a r e n c h y ma ,  Omori  ( 1 9 7 3 )  r e g a r d e d  them as lymph c a p i l l a r i e s  

and c o n s i d e r e d  t h a t  t h e s e  r e p r e s e n t e d  t h e  o r i g i n  o f  lymph 

v e s s e l s  i n  t h e  t hy mus .

I t  has been g e n e r a l l y  a c c e p t e d  t h a t  t h e  t h y mi c
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p ar enc hyma  c o n t a i n s  o n l y  a few or  no lymph v e s s e l s  ( J o l l y ,  

1 9 2 3 ;  P o l i c a r d ,  1 9 5 0 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  Ho we v e r ,  

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

h a v i n g  a w a l l  w i t h  a t t e n u a t e d  e n d o t h e l i u m  and t h e  absence  

o f  a ba s ement  membrane,  was r e p o r t e d  i n  t h e  me d u l l a  o f  t h e  

r a t  t hymus (Hwang e t  a l . ,  1974 )  and r e c e n t l y  i n  t h e  m e d u l l a  

o f  t h e  human thymus ( S i n g h ,  1 9 8 0 ) .  L y mp h a t i c  v e s s e l s  were  

a l s o  f ound i n t h e  c o r t i c o - m e d u 1 1  a r y  r e g i o n s ,  but  n e v e r  i n  

t h e  c o r t e x  (Hwang e t  a l . ,  1 9 7 4 ) .

V e r y  r e c e n t l y  Wei ss ( 1 9 8 3 )  summar i sed t h e  p r e s e n t  

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

t h e  i n n e r  m e d u l l a  o f  t h e  t hymus .  T h e y ,  as do v e i n s ,  c a r r y  

T - l y m p h o c y t e s  f r om t h e  t hy mus .  T h e r e  a p p e a r  t o  be no 

a f f e r e n t  l y m p h a t i c  v e s s e l s . "
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D - SATURATION AND e m i g r a t i o n  of t h y m i c  l y m p h o c y t e s

S e v e r a l  s t u d i e s  have p r o v i d e d  c o n c l u s i v e  e v i d e n c e

t h a t  t h e  thymus o f  nor mal  young a n i ma l s  c o n t i n u o u s l y  

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

( A n d r e a s e n  & O t t e s e n ,  1 94 4 ;  K i n d r e d ,  1 9 4 0 ;  S a i n t e - M a r i e  & 

L e b l o n d ,  1 9 5 8 a ;  Y o f f e y  e t  a l . ,  1 9 6 1 ) .  The p r o d u c t i o n  o f  

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

l y m p h o b l a s t i c  stem c e l l  d e r i v a t i v e s  ( C l a r k ,  1 9 7 3 ) .  I n

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

t i m e s  g r e a t e r  i n t h e  thymus t ha n  i n t h e  lymph nodes or

s p l e e n  ( Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  M i t o s i s  o c c u r s  most

f r e q u e n t l y  i n  t h e  s u b c a p s u l a r  zone ( C l a r k ,  197 3 )  and a l o ng

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

p e r i p h e r a l  segment s  ( M e t c a l f ,  1 9 6 6 ) .  The p r o d u c t i o n  o f

t h y m o c y t e s  by m i t o s i s  must  be b a l a n c e d  by t h e i r :  a)

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

b)  e m i g r a t i o n ,  or  c) d e g e n e r a t i o n .

a) E' L i l l §££Q£. i §£ i 2Q and movement  o f  t h y mo c y t e s  i n s i d e  t h e  

t hymus

D u s t i n  and G r e g o i r e  ( 1 9 3 1 )  pr opos ed  t h a t  i n  e mb r y o s ,  

as i n  a d u l t s ,  t h e  m i t o s i s  o f  a l ymph ocy t e  o f  a g i v e n  s i z e  

y i e l d s  two s l i g h t l y  s m a l l e r  l y m p h o c y t e s .  I n  t h i s  manner ,  

s m a l l e r  and s m a l l e r  l ymph ocy t e s  woul d be pr oduc e d  by

s u c c e s s i v e  m i t o s e s .  The s ma l l  l ymp h o c y t e s  woul d be at  t h e

end o f  t h e  s e r i e s .  T h i s  o f f e r e d  t h e  p o s s i b i l i t y  o f

a r r a n g i n g  t h y mi c  c e l l s  i n t o  a c on t i nuum e x t e n d i n g  f rom

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

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

h y p o t h e s i s  has been a c h i e v e d  by r a d i o a u t o g r a p h y ^ C r o n k i t e  e t  

a l . ,  1 9 5 9 ;  E v e r e t t  e t  a l . ,  1 96 0 ;  Y o f f e y  et  a l . ,  1 9 6 1 ) .

Regaud and Cr emi eu ( 1 9 1 2 )  and Regaud and La c a s s a g n e  

( 1 9 2 7 )  p r o p o s e d  t h a t  t h y m o c y t e s ,  f or med i n t h e  t h y mi c  

c o r t e x ,  moved t o wa r d s  t h e  m e d u l l a  and t he n  l e f t  t h e  o r g a n ,  

p r o b a b l y  i n  b l o o d  c a p i l l a r i e s .  T h i s  c o n c l u s i o n  was based  

on t h e  f i n d i n g  t h a t  3 days a f t e r  i r r a d i a t i o n  t h e  m e d u l l a  

s t i l l  c o n t a i n e d  abundant  s ma l l  t h y mo c y t e s  at  a t i m e  when 

most c o r t i c a l  t h y mo c y t e s  were a l r e a d y  p y k n o t i c ;  t h e  

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

o f  p y k n o s i s .

Q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s e s  o f  c e l l s  i n t h e  

r a t  t hymus l ed  S a i n t e - M a r i e  and Le b l o n d  ( 1 9 5 8 a , b ;  1964 )  t o  

s i m i l a r  c o n c l u s i o n s .  They showed t h a t  t h y mo c y t e s  do not  

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

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

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

l e f t  f o r  e l i m i n a t i o n  o f  t h e  l a r g e  numbers o f  t h y mo c y t e s  

c o n t i n u o u s l y  f or med i n  t h e  c o r t e x  was f o r  them t o  move t o  

t h e  m e d u l l a .  As f u r t h e r  s t u d i e s  o f  t h e  m e d u l l a  r e v e a l e d  

f ew p y k n o t i c  f or ms but  numerous s ma l l  l y mp h o c y t e s  w i t h i n  

v e n u l e s ,  S a i n t e - M a r i e  and Le b l ond  ( 1 9 5 8 )  a l s o  pr opos e d  t h a t  

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

T h i s  m i g r a t i o n  p a t t e r n  o f  ma t ur e  t h y mo c y t e s  was c o n s i s t e n t  

w i t h  t h e  d e c r e a s e  o f  t h e  o v e r a l l  m i t o t i c  i nde x  f r om t h e  

p e r i p h e r y  t o wa r d s  t h e  c e n t r e  o f  t h e  t h y mi c  l o b u l e ;  4 . 2 % ,
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2.3/6 and 0.9/6 i n  t h e  p e r i p h e r a l  c o r t e x ,  deep c o r t e x  and

m e d u l l a  r e s p e c t i v e l y .  P r o l i f e r a t i o n  and m i g r a t i o n  were

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

a c e l l  p o p u l a t i o n ,  and t h e  h i g h e r  t h e  m i t o t i c  i ndex  t h e

g r e a t e r  t h e  p r e s s u r e .  The g r e a t e r  p r e s s u r e  i n t h e

p e r i p h e r a l  c o r t e x  was r e f l e c t e d  by t h e  compr essed p o l y g o n a l

o u t l i n e s  o f  l y mp h o c y t e s  i n t h i s  z o n e .  C o n s e q u e n t l y ,  t h e

g r e a t e r  p r e s s u r e  e x e r t e d  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

f o r c e s  c e l l s  t o  move away t o wa r d s  t h e  c e n t r e .  As t h e  mat ur e

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

w i l l  be pushed or  squeezed away by t h e  l a r g e r  d i v i d i n g

t h y m o c y t e s .  I n  t u r n ,  t h e  movement  o f  ma t u r e  t h y mo c y t e s

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

p o p u l a t i o n  o f  d i v i d i n g  c e l l s .  F u r t h e r m o r e ,  S a i n t e - M a r i e

and L e b l o n d  ( 1 9 5 8 ,  1964 )  f ound no e v i d e n c e  t h a t  t h y mi c

c e l l s  moved i n t h e  o p p o s i t e  d i r e c t i o n  away f r om t h e  c e n t r e

o f  t h e  l o b u l e  t o wa r d s  i t s  p e r i p h e r y .  L a t e r ,

a u t o r a d i o g r a p h i c  s t u d i e s  s u p p o r t e d  t h e  v i e w t h a t  c o r t i c a l
3

t h y m o c y t e s  move t o  t h e  m e d u l l a .  C e l l s  l a b e l l e d  w i t h  H -  

t h y m i d i n e  were f i r s t  c o n c e n t r a t e d  i n t h e  c o r t e x ;  t h e y  

d i s a p p e a r e d  a f t e r  2 - 3  days and became abundant  i n  t h e  

m e d u l l a  ( Bor um,  1 9 6 8 ) .  The l a b e l l e d  c e l l s  s u b s e q u e n t l y  

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

The movement  o f  t h y mo c y t e s  t h r o u g h  t h e  c o r t e x  i s  

p r o b a b l y  p a s s i v e ,  t h e  c e l l s  b e i n g  pushed away as i n d i c a t e d  

by t h e  r a t h e r  r e g u l a r  n u c l e a r  o u t l i n e s  o f  c o r t i c a l  s ma l l  

t h y m o c y t e s ;  a c t i v e l y  moving t h y mo c y t e s  show r a t h e r  

c h a r a c t e r i s t i c  n u c l e a r  d i s t o r t i o n s  ( S a i n t e - M a r i e  8 L e b l o n d ,
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1 9 6 4 ) .  S i n c e  most  m e d u l l a r y  s ma l l  t h y mo c y t e s  e x h i b i t  such 

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

an a c t i v e  p r o c e s s  ( a m e b o i d - I i k e  m o t i o n ) .

E x p e r i m e n t a l l y ,  t h e  m a j o r i t y  o f  l y mp h o c y t e s  p r e s e n t  

i n  t h e  t hymus a r e  not  i mmuno l og i ca  I l y  c o m p e t e n t .  S e l e c t e d  

l y mp h o c y t e s  und e r g o  m a t u r a t i o n  i n two s t a g e s ,  bot h  o f  whi ch  

a r e  t hymus d e p e n d e n t  ( S t u t m a n ,  1 9 7 7 ) .  The f i r s t  s t a g e  

t a k e s  p l a c e  w i t h i n  t h e  thymus and l ea ds  t o  t h e  e x p o r t  o f  

t h y m o c y t e s  known as T1 c e l l s ,  whi ch a r e  i mmu n o l o g i c a  I l y  

v i r g i n  and i n c o m p e t e n t  ( S t u t m a n ,  1 9 7 7 ) .  T h i s  s t a g e  depends  

upon t h e  p r e s e n c e  o f  t h e  t h y mi c  e p i t h e l i a l - r e t i c u l a r  

f r a me wo r k  and m e d i a t e d  by a humor a l  f a c t o r  ( M a n d e l ,  1 9 6 8 ,  

1 9 7 0 ) .  The p r e s e n c e  o f  t h e  e p i t h e l i u m  i s  e s s e n t i a l  t o  t h e  

i n d u c t i o n  o f  c e r t a i n  s u r f a c e  a n t i g e n s  i n  t h e  t h y mo c y t e  

p o p u l a t i o n  ( M c K e n z i e  & P o t t e r ,  1 9 7 9 ) .  B e f o r e  t h e y  l e a v e  

t h e  t h y mu s ,  and p r e s u ma b l y  i m m e d i a t e l y  a f t e r w a r d s ,  T1 

t h y m o c y t e s  have poor  immune p r o p e r t i e s ;  when i n j e c t e d  i n t o  

i r r a d i a t e d  a n i m a l s  w i t h  s k i n  a l l o g r a f t s ,  t h e y  do not  

p r o d u c e  g r a f t  r e j e c t i o n  ( W a l t e r  & I s r a e l ,  1 9 7 9 ) .  Most  o f  

t h e  t h y m o c y t e s  d e s t i n e d  t o  l e a v e  t h e  thymus i n t h e  T1 s t a t e  

have no t  y e t  unde r gone  a n t i g e n i c  s t i m u l a t i o n .  When t h e y  

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

s p l e e n ,  v i a  t h e  b l o o d  s t r e a m ,  t h e y  t e nd  t o  r emai n  t h e r e ,  

not  p a r t i c i p a t i n g  i n t h e  r e c i r c u l a t i o n  o f  l y mp h o c y t e s  u n t i l  

t h e y  r e a c h  f u l l  i mmunocompet ence ( J o r d a n  & Ro b i n s o n ,  i n  

"The Thymus Gl and"  e d t .  by M. K e n d a l l ,  1 9 8 1 ) .  A f t e r  e x p o r t  

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

g r a d u a l  l os s  o f  some o f  t h e  s u r f a c e  a n t i g e n s  p r e s e n t  on t h e  

l y mp h o c y t e s  ( M a c K e n z i e  & P o t t e r ,  1 9 7 9 ) .  When f u l l  i mmuno-  

c ompet enc e  i s  a c h i e v e d ,  t h e  c e l l ,  now known as a T2 c e l l ,

d i f f e r s  f r om a r e c i r c u l a t i n g  T - c e l l  o n l y  i n  t h a t  i t  has not

y e t  met an a n t i g e n  t o  whi ch i t  can r e a c t .  I t  now has t h e  

p o t e n t i a l  t o  make a c o n t r i b u t i o n  t o  t h e  r espons e s  t o  new 

a n t i g e n s  whi ch t h e  body may me e t .  T2 l ymp h o c y t e s  j o i n  t h e  

r e c i r c u l a t i n g  T - c e l l  p oo l  a l t h o u g h  t h e y  have not  y e t  

r e spond ed  t o  a n t i g e n i c  s t i m u l a t i o n  and a r e  v i r t u a l l y

i n d i s t i n g u i s h a b l e  f r om T - l y m p h o c y t e s  .

I n  g e n e r a l ,  i t  has been e s t i m a t e d  t h a t  t h e  m a t u r a t i o n  

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

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

i n t o  t h e  m e d u l l a ,  may o c cu r  w i t h i n  24 hour s  ( Wei ssma n,  

1 9 6 7 )  .

b) E m i g r a t i o n  o f  t h y mo c y t e s

Some e a r l y  i n v e s t i g a t o r s  t h o u g h t  t h a t  many ma t ur e  

t h y m o c y t e s  d i e d  i n  s i t u  ( D u s t i n ,  1 9 2 0 ;  W i n i w a r t e r ,  1 9 2 4 ) ,  

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

t o  e m i g r a t e  f r om t h e  thymus by p r o b a b l y  e n t e r i n g  i t s  b l o o d  

v e s s e l s  ( Hammar ,  1 9 2 1 ;  Regaud & C r e mi e u ,  1 9 1 2 ) .  Those who 

he l d  t h e  f o r m e r  v i e w p r o v i d e d  no e v i d e n c e  o f  ma s s i ve  c e l l  

d e a t h  i n t h e  t hymus;  p r o p o n e n t s  o f  t h e  l a t t e r  v i e w d i d  not  

d e s c r i b e  t h e  pa ssa ge  o f  c e l l s  i n t o  t h e  t h y mi c  b l o o d  

v e s s e l s .  A l t h o u g h  t h e  pr ob l e m r e mai ned  u n s o l v e d ,  up t o  

1958  t h e  t hymus was not  g e n e r a l l y  c o n s i d e r e d  as an or gan  

r e l e a s i n g  l y mp h o c y t e s  i n t o  t h e  c i r c u l a t i o n .  When t h e
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q u e s t i o n  was r e - e x a m i n e d  by l a t e r  i n v e s t i g a t o r s ,  t h e s e  two  

v i e ws  wer e  a g a i n  t h e  s u b j e c t  o f  d e b a t e  ( r e v i e w e d  by S a i n t e -  

M a r i e  8 Peng ,  1 97 1 )  .

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

t h y m o c y t e s  i s  as f o l l o w s : -

t u r n o v e r  s t u d i e s :  Q u a n t i t a t i v e  h i s t o l o g y

( S a i n t e - M a r i e  8 L e b l o n d ,  1 9 5 8 ,  1964 )  and

a u t o r a d i o g r a p h y  ( Bor um,  1 9 6 8 ;  K a l l e n b a c h ,  196 0 )  

have shown t h a t  t h y mo c y t e s  have a h i gh t u r n o v e r  r a t e  

b u t  a v e r y  low p y k n o t i c  i n d e x .  K i n d r e d  ( 1 9 4 0 )  f ound  

t h a t  t h y mo c y t e s  o f  t h e  c o r t e x  i n  young a d u l t  r a t s  

had a m i t o t i c  i ndex  o f  7 . 0% and a p y k n o t i c  i ndex  o f  

2 . 7 % .  I f  i t  i s  r e c a l l e d  t h a t  t h e  d u r a t i o n  o f  

m i t o s i s  ( a b o u t  1 hour )  i s  s h o r t e r  t h a n  t h e  t i m e  

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

( s e v e r a l  hour s  t o  more t h a n  1 day)  ( T r o w e l l ,  1 9 6 4 ) ,  

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

about  20 t i m e s  g r e a t e r  t ha n  t h e  c e l l  l os s  by 

p y k n o s i s .  These f i n d i n g s  f a v o u r  t h e  v i e w t h a t  most  

t h y m o c y t e s  e m i g r a t e  f rom t h e  r a t  thymus ( S a i n t e -  

M a r i e  8 L e b l o n d ,  1 9 6 4 ) .  The same ar gument  was t a k e n  

t o  c o n c l u d e  t o  a ma ss i ve  e m i g r a t i o n  o f  mouse

t h y m o c y t e s  ( M i c k a l k e  e t  a l . ,  1 9 6 9 ) .  The p r o b a b l e  

manner  by whi ch t h y mo c y t e s  l e a v e  t h e  or gan was

i n v e s t i g a t e d  by S a i n t e - M a r i e  8 Le b l o n d  ( 1 9 5 8 ) ,  who

o b s e r v e d  numerous t h y mo c y t e s  m i g r a t i n g  a c r o s s  t h e

m e d u l l a r y  v e n u l e s  o f  t h e  r a t  t hy mus .  I t  i s  u n l i k e l y
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t h a t  c i r c u l a t i n g  l y mph ocy t e s  move i n t o  t h e  o r g a n ,  

as v i r t u a l l y  no l a b e l l e d  l ymp h o c y t e s  were r e c o v e r e d  

f r om t h e  thymus a f t e r  t h e i r  i n t r a v e n o u s  i n j e c t i o n  

(Gowans & K n i g h t ,  1 9 6 4 ) .

( i i )  o f  i s o l a t e d  t hymus:  I n  i s o l a t e d  t hymuses

f r om young r a t s ,  p e r f u s e d  f o r  12 h o u r s ,  Fol kman et  

a l .  ( 1 9 6 8 )  f ound t h a t  t h e y  r e l e a s e d  an amount  o f  

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

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

p e r i o d .  Thus ,  t h e  r e l e a s e d  t h y mo c y t e s  most  p r o b a b l y  

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

v e n u l e s .

( i i i )  A b l a t i o n  and i r r a d i a t i o n  o f  t hymus:  A d d i t i o n a l  

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

t h y m o c y t e s  was p r o v i d e d  by B i e r r i n g  ( 1 9 6 0 )  and by 

S c h o o l e y  and K e l l y  ( 1 9 6 4 ) ,  who d e mo n s t r a t e d  t h a t  

e a r l y  t hymect omy d e c r e a s e s  t h e  o u t p u t  o f  t h o r a c i c  

d u c t  l y mp h o c y t e s  by 4 0 - 7 0 % ,  at  l e a s t  d u r i n g  t h e  2 

mont hs f o l l o w i n g  s u r g e r y .  Enge se t  and Sc h o o l e y

( 1 9 6 8 )  o b s e r v e d  a 45% d e c r e a s e ,  5 days a f t e r  young 

r a t s  were  i r r a d i a t e d  ov er  t h e  t h y mu s .  Bot h f i n d i n g s  

wer e i n t e r p r e t e d  as showi ng t h a t  t h e  thymus  

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

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

( i v )  I t lyEDi£ b l o o d  c o n t e n t :  S a i n t e - M a r i e  and Peng ( 1 9 7 1 )  

compared l ymph oc y t e  c ount s  i n a r t e r i a l  and t h y mi c  

venous b l o o d  i n  t h e  young r a t ,  a s p e c i e s  where t h e  

m e d u l l a r y  v e n u l e s  appea r  t o  be t h e  ma j or  pa t hway  f o r
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t h y m o c y t e  e m i g r a t i o n .  The c e l l  c o u n t s  were c a r r i e d

out  i n  s e c t i o n s  o f  q u i c k - f r o z e n  v e s s e l s  t o  a v o i d

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

p r o v o k e d  by a s t r e s s f u l  e x p e r i m e n t a l  p r o c e d u r e .

They  c o u n t e d  an a v e r a g e  o f  4 . 4  + 0 . 4  l ymp h o c y t e s  p e r

g r a n u l o c y t e  i n t h e  a r t e r i a l  b l o o d  and 9 . 4  + 0 . 5  in

t h e  t h y mi c  venous b l o o d .  They c o n c l u d e d ,  t h e r e f o r e ,

t h a t  t h e  i n c r e a s e  in t h e  l ymph ocy t e  c o n c e n t r a t i o n

r e s u l t e d  f r om t h e  e n t r y  o f  t h y mo c y t e s  i n  t h e  b l o o d

c i r c u l a t i o n  t h r o u g h  t h e  thymus and t h i s  was deemed

s u f f i c i e n t  t o  a cc ount  f o r  t h e  e m i g r a t i o n ,  i n  t h e

r a t ,  o f  a l l  ma t ur e  t h y m o c y t e s .  E r n s t  rom e t  a l .

C1965)  compared t h e  l ymph ocy t e  c o n t e n t  o f  a r t e r i a l

and t h y mi c  venous b l o o d  i n g u i n e a - p i g s  and f ound a

d i f f e r e n c e  i n t h e  t o t a l  t h y mo c y t e  p r o d u c t i o n ;  but

not  as i m p r e s s i v e  as i n t h e  r a t .  N e v e r t h e l e s s ,  t h e y

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

e x i s t e n c e  o f  a venous o u t p u t  o f  s ma l l  l y mp h o c y t e s

f r om t h e  g u i n e a - p i g  t hymus .

( v)  E m i g r a t i o n  o f  t h y mo c y t e s  v i a  l y m p h a t i c s :  K o t a n i  e t

a l .  ( 1 9 6 6 )  pr oposed  t h a t  g u i n e a - p i g  t h y mo c y t e s

e m i g r a t e  m o s t l y  v i a  l y m p h a t i c s  d r a i n i n g  t h e  t hy mus ,

a p r o p o s a l  based on t h e  f a c t  t h a t  t h e y  o b s e r v e d  no

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

was a l s o  based on t h e i r  f i n d i n g  t h a t  t h e  d a i l y

o u t p u t  o f  l y mph ocy t e s  by t h e  r i g h t  c e r v i c a l  l ymph
6

d u c t  was 6 x 10 l ess  a f t e r  t hymect omy t ha n  b e f o r e
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t h e  o p e r a t i o n .  They c o n c l u d e d  t h a t  t h i s  f i g u r e  

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

r i g h t  t hymus v i a  l y m p h a t i c s .

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

S a i n t e - M a r i e  and Peng ( 1 9 7 1 )  c o n f i r m e d  t h e  

o b s e r v a t i o n s  o f  K o t a n i  e t  a l .  ( 1 9 6 6 ) .  They no t e d  

t h a t  t h e  t h y mi c  m e d u l l a r y  v e n u l e s  were l e s s  

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

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

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

v e n u l e s  t h a n  i n t h e  r a t .  T h i s  t oo  c ou l d  a cc ount  f o r  

t h e  d i f f i c u l t y  o f  Er n s t r o m et  a l .  ( 1 9 6 5 )  in

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

g u i n e a - p i g  t h y mo c y t e s  v i a  t h e  b l o o d  c i r c u l a t i o n .  I n  

f u r t h e r  a gr ee ment  w i t h  K o t a n i  e t  a l .  ( 1 9 6 6 )  S a i n t e -  

M a r i e  and Peng ( 1 9 7 1 )  o b s e r v e d  t h e  p r e s e n c e  o f

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

o f  t h e  g u i n e a - p i g  t hy mus .  I n  t h i s  r e s p e c t ,  

t h e r e f o r e ,  t h e y  c o n c l u d e d :  " W h i l e  t h e  thymus o f  most  

s p e c i e s  s t u d i e d  possess  no ,  or  o n l y  f e w ,  l y m p h a t i c s ,  

t h e  g u i n e a - p i g  woul d a ppea r  t o  c o n s t i t u t e  an

e x c e p t i o n . "

c ) C e l l  d e g e n e r a t i o n  i n t h e  thymus

The c o n c e p t  o f  d e a t h  of  t h y mo c y t e s  i n s i d e  t h e  t h y mu s ,  

t h e  " g r a v e y a r d  h y p o t h e s i s " ,  was r e v i v e d  by M e t c a l f  and h i s  

a s s o c i a t e s .  I n  1 9 6 1 ,  Nakamura and M e t c a l f  r e p o r t e d  t h a t

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

m i t o t i c  t h y m o c y t e s  i n  t h e  nor mal  young mouse.  M e t c a l f
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( 1 9 6  4)  p r o p o s e d  t h a t  a m i n o r i t y  o f  t h y mo c y t e s  became  

p y k n o t i c  and d i e d  w h i l e  t h e  m a j o r i t y  e m i g r a t e d .  He 

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

much s h o r t e r  t h a n  t h a t  r e q u i r e d  f o r  p y k n o s i s ,  t h e  few 

p y k n o t i c  t h y m o c y t e s  p r e s e n t  i n t h e  thymus c ou l d  a cc ount  f o r  

t h e  d e a t h  o f  o n l y  a m i n o r i t y  o f  c e l l s .  M e t c a l f  ( 1 9 6 6 )  

s t a t e d  t h a t  most  t h y mo c y t e s  d i e  i n t h e  t hymus;  he 

p o s t u l a t e d  t h a t  l ymph ocy t e  p y k n o s i s  mi ght  be a r a p i d  

p r o c e s s  l a s t i n g  no l o n g e r  t h a n  m i t o s i s ,  so t h a t  p y k n o s i s  

woul d b a l a n c e  m i t o s i s .  M e t c a l f  and Brumby ( 1 9 6 6 )  

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

mode o f  d e s t r u c t i o n  f o r  most  t h y mo c y t e s  " t h e  t h y mo c y t e  

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

l i t t l e  v i s i b l e  e v i d e n c e  o f  i t s  e x i s t e n c e .  However ,  S a i n t e -  

M a r i e  and Peng ( 1 9 7 1 )  f ound no e v i d e n c e  t o  s u p p o r t  such a 

phenomenon.  M e t c a l f ' s  c o n c l u s i o n ,  t h a t  l ess  t h a n  0. 5% o f  

t h y m o c y t e s  e m i g r a t e ,  was based on i n v e s t i g a t i o n s  i n  mi ce  

g r a f t e d  w i t h  m u l t i p l e  t hymuses ( Mat suyama e t  a l . ,  1 9 6 6 ) ;  

where a f ew l a b e l l e d  t h y mo c y t e s  were o b s e r v e d  o u t s i d e  t h e s e  

o r g a n s .  Ho we v e r ,  S a i n t e - M a r i e  and Peng ( 1 9 7 1 )  i n t h e i r  

e x t e n s i v e  r e v i e w  o f  t h e  p r o b l e m ,  gave r e asons  why t h e y  d i d  

not  c o n s i d e r  t h e  r e p o r t s  o f  Matsuyama e t  a l .  ( 1 9 6 6 )  as a 

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

i n s i t u .  Wh i l e  i t  was i n i t i a l l y  t h o u g h t  t h a t  t h e  

o b s e r v a t i o n s  r e s u l t i n g  f rom an i n t r a t h y m i c  i n j e c t i o n  o f  

t r i t i a t e d  t h y m i d i n e  c o n f i r m e d  t h e  above c on c e p t  ( i . e .  l e s s  

t h a n  0 . 5% o f  t h y mo c y t e s  e m i g r a t e )  ( N o s s a l ,  1 9 6 4 ) ,  i t  was
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l a t e r  r e c o g n i s e d  t h a t  t h i s  t y p e  o f  e x p e r i m e n t  can n e i t h e r  

c o n f i r m  n or  deny t h e  c oncept  ( r e v i e w e d  by S a i n t e - M a r i e  & 

Peng ,  1 9 7 1 ) .  F u r t h e r m o r e ,  t h e  f a c t  t h a t  p y k n o t i c  n u c l e i  

were o f t e n  e n c o u n t e r e d  i n  p a i r s  l ed S a i n t e - M a r i e  ( 1 9 6 2 )  t o  

p r o p o s e  t h a t  t h e  few p y k n o t i c  t h y mo c y t e s  c ou l d  a r i s e  m o s t l y  

f r om a b o r t i v e  m i t o s e s  r a t h e r  t h a n  f rom t h e  d e a t h  o f  ma t u r e  

t h y m o c y t e s .  D u s t i n  and G r e g o i r e  ( 1 9 3 1 )  a l s o  t h o u g h t  t h a t  

a b o r t i v e  m i t o s e s  do o c c u r  f r e q u e n t l y .

I n  summary,  t h e  p r e s e n t  r e v i e w  r e v e a l s  a l ac k  of  

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

o f  most  t h y m o c y t e s ,  bu t  no l ack  o f  d a t a  i n  s u p p o r t  o f  t h e  

a l t e r n a t i v e  c o n c e p t  o f  t h e i r  e m i g r a t i o n .
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E. FUNCTION of t h e  IHYMUS gland

The t hymus does not  i t s e l f  d i r e c t l y  p a r t i c i p a t e  t o  a 

s i g n i f i c a n t  d e g r e e  i n immune r e a c t i o n s ,  but  r a t h e r  r e l e a s e s  

c e l l s  t o  o t h e r  t i s s u e s  t h a t  do .  T h e r e f o r e ,  i t  i s ,  l i k e  

bone ma r r o w,  c l a s s i f i e d  as a c e n t r a l  immune or gan ( W e i s s ,  

1 9 8 3 ) .  The i m p o r t a n t  f u n c t i o n s  o f  t h e  thymus g l a n d  may be 

summar i sed  as f o l l o w s : -

1)  I n  t h e  newborn t h e  thymus i s  n e c e s s a r y  f o r  t h e  

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

a b s e n c e ,  l ymphoi d  a p l a s i a ,  l y mphope ni a  and a f a i l u r e  o f  

c e l l u l a r  i mmu n i t y  l ead  t o  w a s t i n g  and d e a t h  f rom

i n f e c t i o n  ( Y o f f e y  & Cour t  i c e ,  1 9 7 0 ) .  By a d o l e s c e n c e

t h e  l ymphoi d  syst em i s  f u l l y  d e v e l o p e d  and t h e  thymus  

i n v o l u t e s .

2)  I n  t h e  a d u l t  t h e  i n v o l u t e d  thymus e n s u r e s  t h e  s u p p l y  o f  

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

Removal  l e a d s ,  not  t o  s e v e r e  i l l n e s s ,  but  o n l y  t o  a 

d i m i n i s h e d  r espons e  t o  new a n t i g e n s .

3)  These  two f u n c t i o n s  a r e  a c h i e v e d  by t h e  e s s e n t i a l  r o l e  

o f  t h e  t hymus ;  t h a t  i s  t h e  d i f f e r e n t i a t i o n  and 

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

i mmunocompet ent  T - l y m p h o c y t e s .  T h i s  i t  a c h i e v e s  by t h e  

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

d i f f e r e n t i a t i o n  ( Da r d e n n e  & Bach,  1981 )  by d i r e c t  

c o n t a c t  o f  t h y mi c  e p i t h e  I i a  I - r e t i c u I  ar  c e l l s  w i t h  

l y m p h o c y t e s ,  and by t h e  s e c r e t i o n  o f  t h y mi c  hor mones .  

The d e m o n s t r a t i o n  o f  t h e  e n d o c r i n e  f u n c t i o n  o f  t h e
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t hymus and t h e  e x i s t e n c e  of  a t h y mi c  hormone or  

hormones has been s u g ge s t e d  s t r o n g l y .  The e v i d e n c e  f o r  

t h i s  has been based upon:  ( i )  t h e  a c t i o n  o f  t h y mi c

e x t r a c t s  ( r e v i e w e d  by Dar denne  e t  a l . ,  1 9 7 4 ) ;  ( i i )  t h e  

p r e p a r a t i o n  f r om t h e  thymus o f  s p e c i f i c  s u b s t a n c e s  i n  

v a r y i n g  d e g r e e s  o f  p u r i t y  ( Comsa,  1 9 5 5 ;  G o l d s t e i n ,  

1 9 7 5 ;  Hooper  e t  a l . ,  1 9 7 5 ) ,  and ( i i i )  t h e  r e s u l t s  o f  

i m p l a n t i n g  i n  t h y me c t o mi s e d  a n i ma l s  c e l l - i m p e r v i o u s  

d i f f u s i o n  chamber s  c o n t a i n i n g  t hy mi c  t i s s u e  ( L e v e y  e t  

a l . ,  1 9 6 3 ;  T r e nch  e t  a l . ,  1 9 6 6 ) .  Thymi c hormones  

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

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

l y mp h o c y t e s  ( Wara & Ammann,  1 9 7 8 ) .  The r o l e  o f  t h y mi c  

hormones i s  i l l u s t r a t e d  by t h e  r e s t o r a t i o n  o f  

i mmunocompet ence  i n a n i ma l s  w i t h  r educed immune 

r e s p o n s e s  due t o  n e o n a t a l  t hymect omy s i m p l y  by t h e  

a d d i t i o n  o f  t h y mi c  hormones ( Wara & Ammann,  1 9 7 8 ) .

4)  I t  i s  l i k e l y  t h a t  t h e  thymus has c o n s i d e r a b l e  aut onomy  

and t h a t  i t s  c e l l u l a r  t r a f f i c  i s  r e g u l a t e d  

i n t r i n s i c a l l y .  The most  t e l l i n g  e v i d e n c e  f o r  t h i s  i s  

t h e  p r o c e s s  o f  i n v o l u t i o n  whi ch no e x t r i n s i c  agent  can 

i n d u c e  p r e m a t u r e l y ,  nor  a r r e s t  once i t  i s  u n d e r wa y .  

F u r t h e r  e v i d e n c e  f o r  t hy mi c  autonomy i s  t h a t  t h y mi c  

g r a f t s  be hav e  as t h e y  woul d i n t h e i r  donor  and not  

a c c o r d i n g  t o  t h e  t h y mi c  s t a t e  o f  t h e i r  h o s t .  Thus ,  

n e o n a t a l  t hymus g r a f t e d  i n t o  a young a d u l t  whose thymus  

i s  u n d e r g o i n g  i n v o l u t i o n  r e p o p u l a t e s  n o r m a l l y ,  w h i l e  

t h e  hos t  thymus c o n t i n u e s  t o  i n v o l u t e  ( Pass mor e  8
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Robson,  1 9 8 6 )  .

I t  i s  e v i d e n t  f rom t h e  f o r e g o i n g  e x t e n s i v e  r e v i e w  

t h a t  most  o f  t h e  p u b l i s h e d  r e p o r t s  on t h e  thymus g l a n d  were  

p r i m a r i l y  c o n c e r n e d  w i t h  t h e  f i n e  s t r u c t u r e  o f  i t s  v a r i o u s  

c e l l u l a r  c omponent s  and t h e i r  p o s s i b l e  f u n c t i o n s ;  and a l s o  

c o n c e r n e d  w i t h  t h e  conce pt  o f  t h e  p r e s e n c e  o f  a h a e ma t o -  

t h y mi c  b a r r i e r  s i m i l a r  t o  t h a t  d e s c r i b e d  i n t h e  b r a i n .  

Ho we v e r ,  t h y mi c  l y m p h a t i c s  were o n l y  me n t i o n e d  s e c o n d a r i l y  

t o  t h e s e  mai n i s s u e s  and v e r y  b r i e f l y .  T he r e  has been no 

s p e c i f i c  m o r p h o l o g i c a l  or  f u n c t i o n a l  d e s c r i p t i o n  o f  t h e  

i n t r i n s i c  l y m p h a t i c s  o f  t h e  thymus g l a n d .  T h u s ,  a d e t a i l e d  

h i s t o l o g i c a l  e x a m i n a t i o n  of  t h e  thymus i n  t h e  r a t  was 

u n d e r t a k e n  t o  answer  s p e c i f i c a l l y  t h e  f o l l o w i n g  q u e s t i o n s : -

a) Does t h e  r a t  thymus c o n t a i n  l y mp h a t i c s ?  I f  so ,

b) What  i s  t h e i r  o r i g i n  and e x t e n t  i n  r e l a t i o n  t o  t h e  

t h y mi c  par enchyma?

c) What  do t h e y  c o n t a i n  i n t h e i r  l uml na?

d) Does a b l o o d  thymus b a r r i e r  e x i s t ?  I f  so ,  i s  i t  

c o m p l e t e  or  p a r t i a l ?

e) What  i s  t h e  n a t u r e ,  c o n t e n t s  and s i g n i f i c a n c e  o f  t h e  

p e r i v a s c u l a r  spaces  or  c h a n n e l s  and do t h e y  p a r t i c i p a t e  

i n  l ymph d r a i n a g e  o r / a n d  l ymphocy t e  e m i g r a t i o n  f rom t h e  

t  hymu s?
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[5 A l  E RIA L S AND METHODS

A t o t a l  o f  12 Swi ss a l b i n o  r a t s ,  o f  bot h  sexes  and 

f r om a c l o s e d  c o l o n y  i n t h e  D e p a r t m e n t ,  were used i n  t h i s  

s t u d y .  T h e i r  age ranged f rom 2 - 7  months and we i ghed f r om  

100 -  3 5 0 g . An i ma l s  were 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 ,  t h e  r e ma i n i n g  e x p e r i m e n t a l  p r o c e d u r e  

v a r i e d  d e p e n d i n g  on t h e  n a t u r e  o f  t h e  s t u d y .

I . Semi  t h i n  s e c t i o n s :

8 a d u l t  r a t s  were 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 .  A m i d l i n e  i n c i s i o n  was made i n t h e  

a n t e r i o r  a b d o mi n a l  and t h o r a c i c  w a l l s ,  and t h e  h e a r t  w i t h  

i t s  g r e a t  v e s s e l s  were exposed by r emovi ng p a r t  o f  t h e  r i b -  

c a g e .  The v a s c u l a r  syst em was washed f r e e  o f  b l o o d ,  by 

p e r f u s i o n  f o r  2 mi n u t e s  w i t h  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  c h l o r i d e  as a v a s o d i l a t o r ,  t h r o u g h  a c a n n u l a  

i n s e r t 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  an o u t f l o w  

e s t a b l i s h e d  by i n c i s i n g  t h e  r i g h t  a t r i u m .  P e r f u s i o n  was 

t h e n  c o n t i n u e d  f o r  3 0 - 4 0  mi nu t e s  w i t h  t h e  f i x a t i v e ;  5% 

s o l u t i o n  o f  g l u t a r a  I de hyde  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  

at  pH 7 . 4 .  P e r f u s i o n  s o l u t i o n  a l s o  c o n t a i n e d  d e x t r a n ,  

4 0 , 0 0 0  M. W.  ( F i s o n )  at  a c o n c e n t r a t i o n  o f  3 -  5% W/ V,

be c a u s e  p r e l i m i n a r y  e x p e r i m e n t s  showed t h a t  t h i s  r educed  

t h e  i n t e r s t i t i a l  oedema whi ch o t h e r w i s e  o c cur s  d u r i n g  

v a s c u l a r  p e r f u s i o n  (Bohmann & Maunsbach,  1970 )  and made 

t h y mi c  l y m p h a t i c s  e a s i e r  t o  i d e n t i f y .  The i n t a c t  thymus  

was c a r e f u l l y  removed and i mmersed o v e r n i g h t  i n  t h e  same 

f i x a t i v e  as t h a t  used f o r  p e r f u s i o n .  The t i s s u e s  were
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r i n s e d  i n  2 - 3  changes o f  p h o s pha t e  b u f f e r  o v e r  a 2 - 3  hour  

p e r i o d .  Under  t h e  b i n o c u l a r  m i c r o s c o p e ,  2-4mm s l i c e s  o f  

t h e  t hymus were  cu t  w i t h  a r a z o r  b l a d e .  These b l o c k s  were  

p o s t - f i x e d  i n  1 % osmium t e t r o x i d e ,  d e h y d r a t e d  i n  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 embedded i n S p u r r ' s  r e s i n  ( S p u r r ,  

1 9 6 9 ) .  I n t e r r u p t e d  s e r i e s  o f  s e c t i o n s  were cut  a t  1 - 1 . 5  urn 

on a P o r t e r - B l u m  mi c r o t o me  MT-2 us i ng  g l a s s  k n i v e s ,  t h r o u g h  

5 b l o c k s  f r om each r a t ,  g i v i n g  a t o t a l  o f  about  40 b l o c k s .  

C o n t i n u o u s  s e r i e s  o f  s e c t i o n s  were cut  i n 6 o f  t h e s e  

b l o c k s .  The s e c t i o n s  were s t r e t c h e d ,  by h e a t i n g ,  on 

numbered g l a s s  s l i d e s .  A l t e r n a t e  s l i d e s  were s t a i n e d  w i t h  

Azur  I I  and w i t h  H a e m a t o x y l i n  and Eos i n ,  and mounted i n  DPX 

and c o v e r e d  w i t h  a c o v e r s l i p .  S e c t i o n s  were 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 .  I n  g e n e r a l ,  l y m p h a t i c s  were f o l l o w e d  

i n a r e t r o g r a d e  ma nner ,  f rom t h e  h i l u m i n t o  t h e  par enchyma  

o f  t h e  t  hymus .

I I "  I l § D  smjs s i_on e l e c t r o n  mi c r o s c o p y :

S e m i t h i n  s e c t i o n i n g  of  t h e  b l o c k s  c o n t i n u e d  u n t i l  

a p p r o p r i a t e  r e g i o n s  were r e a c h e d .  S e l e c t e d  a r e a s  o f  15 

b l o c k s ,  f r om 5 thymus g l a n d s ,  were t he n  t r i mmed down and 

s e c t i o n s  wer e  c u t ,  u s i n g  a di amond k n i f e ,  on a R e i c h e r t -  

Jung u l t r a m i c r o t o m e .  The t h i n  s e c t i o n s ,  6 0 - 80 nm i n  

t h i c k n e s s ,  were  t h e n  p i c k e d  up on u n c oa t ed  200 mesh c o p p e r  

g r i d s  and d o u b l e  s t a i n e d  w i t h  s a t u r a t e d  u r a n y l  a c e t a t e  i n  

60% e t h a n o l  ( W a t s o n ,  1958 )  and w i t h  l ead  c i t r a t e  ( R e y n o l d s ,  

1 9 6 3 ) .  The spec i mens  were t he n  v i ewed w i t h  a JEOL 100S 

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 .
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I I I ,  S c a n n i n g  6 j . e c t r o n  m i_ c r o s c o g y :

Two thymus g l a n d s  were s t u d i e d  by t h i s  t e c h n i q u e .  

F o l l o w i n g  v a s c u l a r  p e r f u s i o n  and f i x a t i o n  w i t h  

g l u t a r a I d e h y d e  ( a s  me nt i one d  a b o v e ) ,  t h e  thymus was removed  

i n t a c t  and i mmersed o v e r n i g h t  i n t h e  same f i x a t i v e  as t h a t  

used f o r  p e r f u s i o n - f i x a t i o n .  The t i s s u e s  were washed w e l l  

i n f r e s h  b u f f e r  and ,  w h i l e  s t i l l  i n  b u f f e r ,  one thymus was 

cut  u n d e r  t h e  b i n o c u l a r  mi c r o s c o p e  i n t o  4 l o n g i t u d i n a l  

s l i c e s  u s i n g  a r a z o r  b l a d e ,  w h i l e  t h e  o t h e r  thymus was cut  

i n t o  s e v e r a l  t r a n s v e r s e  s l i c e s .  A l l  spec i mens  were t he n  

o s m i c a t e d  i n  1 % osmium t e t r o x i d e  i n M i l l o n i g ' s  b u f f e r ,  

d e h y d r a t e d  t h r o u g h  a g r a ded  s e r i e s  o f  e t h a n o l ,  c r i t i c a l  

p o i n t  d r i e d ,  and mounted on a l u mi n i u m s t u b s .  The spec i mens  

were t h e n  c o a t e d  w i t h  g o l d  b e f o r e  b e i n g  exami ned i n a JEOL 

T300 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 .

I V .  I  r a c e r  e x p e r i m e n t s :

I n  two a n i m a l s ,  p r i m a r i l y  used f o r  o t h e r  e x p e r i m e n t s  

as d e s c r i b e d  i n  C h a p t e r  I I ,  d i l u t e d  i n d i a  i nk ( 1 : 3  i n  f r e s h  

s a l i n e )  was i n j e c t e d  i n t r a v e n o u s l y  i n t o  t h e  t a i l  v e i n .  The  

a n i ma l s  wer e  t h e n  k i l l e d ,  6 hours and 7 days l a t e r ,  

d i s s e c t e d  and f i x e d  by 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 I d e h y d e .  The r e ma i n i n g  p r o c e d u r e  was t h e  same as 

f o r  t h e  p r e v i o u s  s e t  o f  a n i m a l s .  T h i s  m a t e r i a l  i s  

i n c l u d e d  h e r e  be cause  i t  p r o v i d e d  some i n c i d e n t a l  

i n f o r m a t i o n  on t h e  b l o o d - t h y m u s  b a r r i e r .
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R E S U L T S

A - y L I R A § T R j J C T y R E  OF T H E  T H Y M U S  GLAND

I n  t h e  r a t ,  t h e  thymus g l a n d  i s  f ound i n a c e n t r a l  

p o s i t i o n  o f  t h e  a n t e r i o r  me d i a s t i n u m o v e r l y i n g  t h e  

p e r i c a r d i u m  and i n  f r o n t  o f  t h e  g r e a t  b l o o d  v e s s e l s  as t h e y  

emerge f r om t h e  h e a r t .  I t  i s  composed o f  two c l o s e l y  

a p p l i e d  l o b e s  c o m p l e t e l y  s ur r o u n d e d  by a c o n n e c t i v e  t i s s u e  

c a p s u l e  c o n s i s t i n g  o f  e l  onga t ed  f i b r o b l a s t s  and p a r a l l e l  

b u n d l e s  o f  c o l l a g e n  whi ch i s  o n l y  b r ok e n  by t h e  e n t r y  and 

e x i t  o f  n e u r o v a s c u l a r  b u n d l e s  ( F i g s .  26 & 2 7 ) .  The i n n e r  

s u r f a c e  o f  t h e  c a p s u l e  i s  f ormed by c y t o p l a s m i c  

p r o l o n g a t i o n s  o f  e p i t h e l i a l  c e l l s  whi ch f orm a c o n t i n u o u s  

s i n g l e  l a y e r  t h a t  r e s t s  on a w e l l  d e f i n e d  basement  membrane  

( F i g .  2 7 ) ,  whi ch s e p a r a t e s  t h e  e p i t h e l i a l  c e l l s  f r om t h e  

c o l l a g e n  f i b r i l s .

Each l obe  o f  t h e  thymus i s  s u b d i v i d e d  i n t o  s ma l l  

p o l y h e d r a l  l o b u l e s  by s e p t a  t h a t  e x t e n d  f r om t h e  

s u r r o u n d i n g  c o n n e c t i v e  t i s s u e  c a p s u l e .  Ever y  l o b u l e  

d i s p l a y s  a d a r k e r  p e r i p h e r a l  zone r i c h  in l y m p h o c y t e s ,  t h e  

c o r t e x ,  and a c e n t r a l  p a l e  zone r i c h  i n e p i t h e l i a l -  

r e t i c u l a r  c e l l s ,  t h e  m e d u l l a ,  w i t h  H a s s a l l ' s  c o r p u s c l e s  

( F i g .  2 6 ) .  L o b u l e s  a r e  c o n t i n u o u s  w i t h  one a n o t h e r  v i a

n a r r o w m e d u l l a r y  b r i d g e s .

The t h y m i c  c e l l u l a r  p o p u l a t i o n  c o n s i s t s  o f  t h e  

p r i n c i p a l  c e l l  t y p e s  ( e p i t h e l i a l - r e t i c u l a r  c e l l s  and 

l y mp h o c y t e s )  and o t h e r ,  m i n o r i t y  c e l l s  ( i n t e r d i g i t a t i n g  

r e t i c u l u m  c e l l s ,  ma cr opha ge s ,  pl asma c e l l s ,  mast  c e l l s ,
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e o s i n o p h i l s  and o t h e r  g r a n u l o c y t e s ) .

P r i n c i p a l  C e l l  J y g e s :

1) § g i t h e  I i a  l - r e t i c u  I a r  c e l l s

These  c e l l s  a r e  s p i d e r - s h a p e d  and possess  l ong  

b r a n c h i n g  c y t o p l a s m i c  p r o c e s s e s  whi ch f orm an 

i n t e r c o n n e c t i n g  meshwork w i t h  l ymphoc y t e s  o c c u p y i n g  t h e  

i n t e r s t i c e s  ( F i g s .  2 6 ,  61 & 6 4 ) .  P r e s e n t  i n a l l  o f  t h e  

e p i t h e l i a l - r e t i c u l a r  c e l l s  a r e  t o n o f i I  ament s and 

desmosomes ( F i g s .  3 4 ,  35 8 4 4 ) ;  bot h  were b e s t

d e v e l o p e d  i n  t h e  c e l l s  f o r mi n g  H a s s a l l ' s  c o r p u s c l e s  

( F i g .  4 1 ) .  No desmosomes were f ound be t ween  

l y m p h o c y t e s  and e p i t h e l i a l - r e t i c u l a r  c e l l s .  No b a s a l

l a mi n a  was a s s o c i a t e d  w i t h  t h e  e p i t h e l i a l - r e t i c u l a r  

c e l l s  e x c e p t  where  t h e y  came i n c o n t a c t  w i t h  c o n n e c t i v e  

t i s s u e .  They were u s u a l l y  l a r g e r  t han  t h e  c e l l s  o f  t h e  

l ymph o i d  s e r i e s ,  and t h e  n u c l e u s  i s  u s u a l l y  much more 

l e p t o c h r o m a t i c  w i t h  m a r g i n a l  c h r o m a t i n  and d i s t i n c t  

n u c l e o l i .  The e p i t h e l i a l - r e t i c u l a r  c e l l s  showed a

g r e a t  d i v e r s i t y  o f  f orm i n t h e  r a t  t hy mus .  Dark and

p a l e  c e l l  v a r i a n t s  were d e mo n s t r a t e d  ( F i g s .  3 4 ,  4 4 ,  4 7 ,  

48 8 6 4 ) .  The e p i t h e  I i a  I - r e t i c u I  a r  c e l l  c y t o p l a s m ,

a p a r t  f r om t h e  t o n o f i  I aments and desmosomes,  showed no 

c o n s i s t e n t  f e a t u r e s .  The Go l g i  a p p a r a t u s  may be w e l l  

d e v e l o p e d .  C y t o p l a s m i c  i n c l u s i o n s  of  v a r y i n g  s i z e s ,  

i n c l u d i n g  v e s i c l e s  and membrane- bound v a c u o l e s ,  and 

s m a l l  u n i f o r m l y  da r k  membrane- bound g r a n u l e s  were  

f r e q u e n t l y  p r e s e n t  i n t h e s e  c e l l s  ( F i g s .  3 4 ,  35 8 4 4 ) .

T he r e  were v a r i  ab l e
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numbers  o f  m i t o c h o n d r i a ,  r i bosomes  and Lysosomes,  and 

p r o m i n e n t  p r o f i l e s  o f  bot h  smooth and rough e n d o p l a s mi c  

r e t i c u l u m  ( F i g .  3 4 ) .  The r e  a ppear  t o  be some 

u 1 1 r a s t r u e t u r a  I d i f f e r e n c e s  be t ween c o r t i c a l  and

m e d u l l a r y  e p i t h e  I i a  I - r e t i c u I  ar  c e l l s .  The c y t o p l a s m i c  

v a c u o l e s  o f  t h e  m e d u l l a r y  c e l l s  were l a r g e r  i n s i z e ,  

a g g r e g a t e d  and c o n f l u e n c e d  t o  f orm l a r g e r  c y s t i c  

s t r u c t u r e s  w i t h  numerous m i c r o v i l l i  p r o j e c t i n g  i n t o  

t h e i r  l u mf n a  ( F i g .  3 5 ) .

Groups o f  c o n c e n t r i c a l l y  a r r a n g e d  and f l a t t e n e d  

e p i t h e l i a l - r e t i c u l a r  c e l l s  formed c l u mp s ,  w i t h  a 

p o r t i o n  o f  t h e i r  c y t o p l a s m i n an advanced s t a t e  of  

d e g e n e r a t i o n  and n e c r o s i s ,  t o  g i v e  H a s s a l l ' s  c o r p u s c l e s  

( F i g .  4 0 ) .  The c e n t r e  of  t h e  c o r p u s c l e s  was e i t h e r  

s o l i d  o r  c y s t i c .  I n  t h e  c y s t i c  t y p e ,  t h e  l i n i n g  

e p i t h e l i a l  c e l l s  d i s p l a y e d  m i c r o v i l l i ,  and t h e r e  was 

c e l l  d e b r i s  w i t h i n  t h e  c y s t  l umen.  D e g e n e r a t i v e

n u c l e a r  and c y t o p l a s m i c  changes were common i n t h e  

c e n t r a l  c e l l s  o f  t h e  c o r p u s c l e s .  L y mp h o c y t e s ,

macr ophage s  and l e u c o c y t e s  were o c c a s i o n a l l y  o bs e r v e d  

i n  H a s s a l l ' s  c o r p u s c l e s .  F r e q u e n t l y ,  s m a l l e r

i n t r a c e l l u l a r  c y s t s  were a l s o  n o t i c e a b l e ,  g e n e r a l l y  

n e a r  t h e  p e r i p h e r y  o f  t h e  c o r p u s c l e .  Wh i l e  H a s s a l l  s 

c o r p u s c l e s  were  r e l a t i v e l y  few i n t h e  young r a t  t hy mus ,  

t h e y  became more f r e q u e n t  as t h e  a n i ma l  gr ew o l d e r ;  

so t h a t  i n  t h e  a d u l t  thymus one or  more c o r p u s c l e s  were  

seen i n  each m e d u l l a .
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2)  I h y m i c  l y mg h o c y t e s

Lymphoc y t e s  we r e ,  quant  i t a t i v e l y ,  t h e  most

i m p o r t a n t  component  o f  t h e  t hy mi c  t i s s u e ;  t h e y  were

p a ck e d  i n  t h e  c o r t e x  and were l es s  numerous i n  t h e  

m e d u l l a  ( F i g s .  26 & 4 2 ) .  They e x h i b i t e d  v a r i a b l e  s i z e s  

and m o r p h o l o g y ,  de p en d i n g  on t h e i r  l o c a t i o n  w i t h i n  t h e  

t h y m u s .  The m a j o r i t y  o f  t h e  l ymphocy t e s  were  

m o r p h o l o g i c a l l y  q u i e s c e n t  w i t h  dar k  s ma l l  n u c l e i  

c o n t a i n i n g  u n i f o r m l y  d i s p e r s e d ,  or  somet i mes  

p e r i p h e r a l l y  c l umped dar k  c h r o m a t i n ,  an i n c o n s p i c u o u s  

n u c l e o l u s  and a n a r r o w r i m o f  s c a n t y  c y t o p l a s m w i t h  

e l e c t r o n - d e n s e  m i t o c h o n d r i a  and f r e e  r i b o s o me s .  These  

c e l l s  had an a v e r a g e  d i a m e t e r  o f  5 urn and were f ound  

m a i n l y  i n  t h e  me d u l l a  and t h e  deep r e g i o n  o f  t h e  c o r t e x  

( F i g .  3 2 ) .  A r e l a t i v e l y  s ma l l  number o f  t h e s e  s ma l l

l y mp h o c y t e s  were r andoml y  d i s t r i b u t e d  i n t h e  o u t e r

c o r t e x .  Howe ve r ,  t h e  p r e d o mi n a n t  t y p e  o f  l ymphoi d  

c e l l s  p r e s e n t  i n  t h e  o u t e r  c o r t e x  ( s u b c a p s u l a r  c o r t e x )  

were t h e  l a r g e  l ymph ocy t e s  ( o r  l y m p h o b l a s t s ) .  These  

c e l l s  had an a v e r a g e  d i a m e t e r  o f  7 urn, w i t h  an i n c r e a s e  

i n  n u c l e a r  e u c h r o m a t i n ,  e I e c t r o n - l u c e n t  c y t o p l a s m i c  

m i t o c h o n d r i a  w i t h  w e l l - d e v e l o p e d  c r i s t a e ,  and numerous  

p o l y r i b o s o m e s  ( F i g .  2 7 ) .  I s o l a t e d  c e l l s  o f  t h i s  t y p e  

c o u l d  be seen s c a t t e r e d  t h r o u g h o u t  t h e  r e m a i n d e r  o f  t h e  

c o r t e x ,  bu t  were l e s s  common i n t h e  m e d u l l a .  M i t o t i c  

f i g u r e s  were f r e q u e n t l y  e n c o u n t e r e d  i n t h e  c o r t e x ,  

p a r t i c u l a r l y  i n t h e  s u b c a p s u l a r  r e g i o n  and around t h e  

s e p t a  ( F i g s .  64 & 6 6 ) .  La r ge  numbers o f  d e g e n e r a t i n g
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l y m p h o c y t e s ,  whi ch c o n s i s t e d  o f  naked p y k n o t i c  n u c l e i ,  

wer e  o b s e r v e d  t h r o u g h o u t  t h e  c o r t e x  and t h e  m e d u l l a  

( F i g s .  51 & 6 4 ) ,  a l t h o u g h  t h e y  were f a r  more common i n  

t h e  c o r t e x .  They were a l s o  p r e s e n t  as i n g e s t e d  

m a t e r i a l  w i t h i n  macrophages ( F i g s .  28 -  31 )  and

o c c a s i o n a l l y  w i t h i n  H a s s a l l ' s  c o r p u s c l e s  ( F i g .  4 0 ) .

A l t h o u g h ,  i n  g e n e r a l ,  l y mph ocy t e s  were not  in  

d i r e c t  c o n t a c t  w i t h  t h e  c o n n e c t i v e  t i s s u e  o f  e i t h e r  t h e  

c a p s u l e  or  t h e  p e r i v a s c u l a r  s p a c e ,  w i t h o u t  b e i n g  

s e p a r a t e d  f r om t h e  c o n n e c t i v e  t i s s u e  by e p i t h e l i a l -  

r e t i c u l a r  c e l l  c y t o p l a s m ( F i g s .  27 & 4 4 - 4 8 ) ;  d i r e c t

c o n t a c t  was o b s e r v e d  i n a few i n s t a n c e s ,  p a r t i c u l a r l y  

i n  t h e  m e d u l l a  ( F i g s .  50 & 5 2 ) .  O c c a s i o n a l l y ,

l y mp h o c y t e s  were o bs er v e d  i n t r a n s i t  a c r os s  t h e

m e d u l l a r y  v e n u l e s .  Desmosomes were n e v e r  o b s e r v e d

b e t we e n  a d j a c e n t  l y mp h o c y t e s .

O t h e r  m i n o r i t y  c e l l s

1)  I n t  e rd i cj i t  a t  i. ng r e t i c u l u m  c e l l s

These  were l a r g e  p a l e  c e l l s  w i t h  a l a r g e  n u c l e u s  

and l ong c y t o p l a s m i c  p r o c e s s e s ,  whi ch o c c u r r e d  

p r e d o m i n a n t l y  i n  t h e  me d u l l a  and around i t s  b l o o d  

v e s s e l s  ( F i g .  49 & 5 1 ) .  The n u c l e u s  was l a r g e  and

o f t e n  i n d e n t e d ,  w i t h  p e r i p h e r a l  c l u mp i n g  o f  t h e  

h e t r o c h r o m a t i n  n e a r  t h e  n u c l e a r  membrane.  The r e s t  of  

t h e  n u c l e u s  was f i l l e d  m a i n l y  w i t h  e u c h r o m a t i n  whi ch  

a c c o u n t e d  f o r  t h e  e l e c t r o n  —t r a n s l u c e n t  a p p e a r a n c e  o f  

t h e  n u c l e u s  ( F i g s .  3 6 ,  37 & 4 9 ) .  One or  two p r o mi n e n t
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n u c l e o l i  c o u l d  be seen ( F i g .  3 6 ) .  The c y t o p l a s m  

c o n t a i n e d  a w e l l  d e v e l o p e d  Go l g i  a p p a r a t u s ,  rough  

e n d o p l a s m i c  r e t i c u l u m  and a few s ma l l  and l a r g e  

v e s i c u l a r  i n c l u s i o n s  ( F i g s .  36 & 3 7 ) .  T h e i r  l ong

c y t o p l a s m i c  p r o c e s s e s  s ur r o u n d e d  v a r i o u s  l ymphoi d  c e l l s

f o r m i n g  a c h a r a c t e r i s t i c  compl ex s u r f a c e  p a t t e r n  ( F i g s .  

49 & 5 1 ) .  No s i g n s  of  a c t i v e  p h a g o c y t o s i s  were

o b s e r v e d  i n s i d e  t h e s e  c e l l s ,  whi ch d i f f e r e n t i a t e d  them 

f  rom mac r o p h a g e s .

2) Macrophages

Ma c r ophages  were i n v a r i a b l y  p r e s e n t  w i t h i n  t h e

t h y m u s ,  l y i n g  among l ymph ocy t e s  and e p i t h e l i a l -

r e t i c u l a r  c e l l s  o f  t h e  c o r t e x  and t h e  m e d u l l a .  Many 

ma cr ophages  were p r e f e r e n t i a l l y  s i t u a t e d  i n  t h e

c o r t i c o - m e d u l l a r y  j u n c t i o n  as w e l l  as i n t h e

p e r i v a s c u l a r  s p a c e s .  They d i s p l a y e d  a m o r p h o l o g i c a l  

s p e c t r u m f r om c e l l s  c o n t a i n i n g  few l ysosomes and

i n c l u s i o n s  o f  v a r i o u s  t y p e s ,  t o  t h o s e  w i t h  l a r g e

amount s o f  p h a g o c y t o s e d  d e b r i s  and many pha gol ysosomes  

i n  t h e i r  c y t o p l a s m  ( F i g s .  28 -  31 & 3 8 ) .  They a l s o

o f t e n  showed l y mp h o p h a g o c y t o s i s  w i t h  l ymp h o c y t e s  i n  

d i f f e r e n t  s t a g e s  o f  d e g r a d a t i o n  ( F i g .  3 0 ) .  Some o f  t h e  

macr ophages  c l o s e l y  r esembl ed e p i t h e l i a l - r e t i c u l a r  

c e l l s  c o n t a i n i n g  p o l y m o r p h i c ,  membr ane- bound

i n c l u s i o n s ;  o n l y  t o  be d i s t i n g u i s h e d  by t h e  l ac k  o f  

t o n o f i  l a me n t s  and desmosomes.

3)  P l asma c e l l s

The r a t  thymus c o n t a i n e d  a mode r a t e  number  o f
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p l a s ma  c e l l s ,  m a i n l y  l o c a t e d  i n t h e  c o n n e c t i v e  t i s s u e  

o f  c a p s u l e ,  s e p t a  and i n t h e  v i c i n i t y  of  b l o o d  v e s s e l s ,  

p a r t i c u l a r l y  t h o s e  at  t h e  c o r t i c o - m e d u l l a r y  j u n c t i o n  

( F i g s .  2 7 ,  5 6 ,  5 7 ,  6 2 ,  6 3 ,  66 & 8 5 ) .  They were more

p r o m i n e n t  i n  t h e  thymus o f  o l d e r  a n i m a l s ,  whi ch mi ght  

s u g g e s t  t h a t  t h e i r  number i n c r e a s e s  w i t h  age .  The 

g r e a t  m a j o r i t y  o f  p l asma c e l l s  were ma t ur e  c e l l s ;  t h i s  

j u d g e me n t  was based on t h e  f o l l o w i n g  u l t r a s t r u c t u r a l  

c r i t e r i a :  i )  t h e i r  s i z e  was 2 - 3  t i me s  l a r g e r  t han

s m a l l  l y m p h o c y t e s ;  i i )  t h e y  were u s u a l l y  ov o i d  i n shape  

w i t h  round or  o v a l  n u c l e u s  whi ch t end t o  l i e  

e c c e n t r i c a l l y ;  i i i )  c o a r s e  clumps or  b l o c k s  o f  n u c l e a r  

c h r o m a t i n  s p r e a d e d  i r r e g u l a r l y  around t h e  p e r i p h e r y ,  

whi ch r e s e mb l e d  spokes o f  a wh e e l ;  i v )  p r o g r e s s i v e l y  

d i l a t e d  e n d o p l a s mi c  c i s t e r n a e  wh i c h ,  i n some c e l l s ,  

u n i t e d  t o  f or m i n t r a c y t o p l a s m i c  v a c u o l e s  f i l l e d  w i t h  

amorphous m a t e r i a l  ( F i g s .  66 & 8 5 ) .  I mmat ur e  pl asma  

c e l l s  were  r a r e l y  o b s e r v e d .  T r a n s i t i o n  f or ms be t wee n  

l ymph o i d  c e l l s  and pl asma c e l l s  have not  been o b s e r v e d  

i n  t h i s  s t u d y .

A) Mast  c e l l s

Mast  c e l l s  were r e g u l a r l y  p r e s e n t  i n t h e  c a p s u l e ,  

i n t e r l o b u l a r  s e p t a ,  and p e r i v a s c u l a r  spaces  s u r r o u n d i n g  

b l o o d  v e s s e l s ,  e s p e c i a l l y  l a r g e  s e p t a l  v e s s e l s .  

O c c a s i o n a l l y ,  a few mast  c e l l s  were a l s o  n o t i c e d  

s c a t t e r e d  i n  t h e  t h y mi c  par enchyma ( F i g s .  3 2 ,  5 7 ,  66 & 

8 7 ) .  I n  t h e  Azur  I I  s t a i n e d  s e m i t h i n - p I a s t i c  s e c t i o n s ,
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mast  c e l l s  were e a s i l y  d e t e c t a b l e  by t h e  me t a c h r o ma s i a  

o f  t h e i r  g r a n u l e s .  T h e i r  u 1 1 r a s t r u e t u r a  I a p p e a r a n c e  

was s i m i l a r  t o  mast  c e l l s  d e s c r i b e d  e l s e w h e r e  i n  o t h e r  

t i s s u e s  ( W e i s s ,  1 9 8 3 ) ,  I n  g e n e r a l ,  mast  c e l l s  o b s e r v e d  

i n  t h e  p r e s e n t  s t u d y  were o f  t h e  ma t ur e  t y p e ,  and t h e i r  

number  seemed a l s o  t o  i n c r e a s e  w i t h  a ge .  

T r a n s f o r m a t  i on o f  l ymphoi d c e l l s  and e p i t h e l i a l -  

r e t i c u l a r  c e l l s  i n t o  mast  c e l l s  was not  o b s e r v e d .  

H o we v e r ,  on one o c c a s i o n ,  an u n u s u a l  mast  c e l l  w i t h  

l ong c y t o p l a s m i c  p r o c e s s e s  was obs e r v e d  in c l o s e  

c o n t a c t  w i t h  a f i b r o b l a s t  i n t h e  space s u r r o u n d i n g  a 

v e n u I e  ( F i g .  66 )  .

£ § • ! ! § /  i n c l u d i n g  e o s i n o p h i l s ,  mo n o c y t e s ,  

n e u t r o p h i l s ,  e r y t h r o c y t e s  and f i b r o b l a s t s  were  

r e g u l a r l y  p r e s e n t  w i t h i n  t h e  p e r i v a s c u l a r  spaces ( F i g s .  

3 3 ,  5 7 ,  6 1 ,  66 & 8 9 ) .  E r y t h r o c y t e s  were a l s o

f r e q u e n t l y  o b s e r v e d  i n t h e  m e d u l l a ,  p a r t i c u l a r l y  a r ound  

i t s  b l o o d  v e s s e l s ;  i n a few i n s t a n c e s  t h e r e  were so 

many t h a t  i t  r e s embl ed  a h a e mo r r h a g i c  a r e a  ( F i g .  6 8 ) .

On two o c c a s i o n s  o n l y ,  mu I t i n u c  l e a t e d  g i a n t  c e l l s  

were i d e n t i f i e d  i n t h e  m e d u l l a .  A c l o s e  i n s p e c t i o n  o f  

e l e c t r o n  m i c r o g r a p h s  c o n t a i n i n g  t h e s e  c e l l s  i n d i c a t e d  

two p o s s i b i l i t i e s :  i )  e i t h e r  t h e s e  c e l l s  a c t u a l l y

c o n t a i n e d  more t ha n  one n u c l e u s ,  or  i i )  t h e  n u c l e u s  i n  

a c e l l  c o u l d  be h i g h l y  l o b a t e d  so as t o  r e v e a l  s e v e r a l  

n u c l e a r  p r o f i l e s  i n one p l a n e  o f  s e c t i o n .  These c e l l s  

c o u l d  be e i t h e r  macrophages (Von Ga u d e c k e r ,  1978 )  or  

e p i t h e  I i a  I - r e t i c u  I a r  c e l l s  ( S i n g h ,  1 9 8 1 ) .



A s p e c i a l  s e a r c h  was made i n an a t t e m p t  t o  f i n d  

myoi d c e l l s  ( c e l l s  c o n t a i n i n g  numerous i n t r a c y t o p  I asmi c  

t h i c k  and t h i n  m y o f i l a m e n t s  a r r a n g e d  i n  a h a p h a z a r d  

f a s h i o n )  s i m i l a r  t o  t h o s e  d e s c r i b e d  i n  t h e  human thymus  

( Be a r man  e t  a l . ,  1 9 7 8 ) .  Wi t h  t h e  e x c e p t i o n  o f  r a r e  

c e l l s  i n  H a s s a l l ' s  c o r p u s c l e s ,  we f a i l e d  t o  i d e n t i f y  

myoi d c e l l s  i n  t h e  r a t  t hy mus .
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B.  JHYMIC BLOOD VESSELS

E l e c t r o n  mi c r o s c o p y  showed t h a t  t h e  t h y mi c  c o r t e x  i s  

s u p p l i e d  m a i n l y  w i t h  c a p i l l a r i e s  w h i l s t  t h e  m e d u l l a ,  i n  

a d d i t i o n  t o  t h e  c a p i l l a r i e s ,  c o n t a i n s  many a r t e r i o l e s  and 

v e n u l e s  ( F i g s .  43 8 6 7 ) .

I t ] e  c a p i l l a r i e s  o f  bot h  t h e  c o r t e x  ( F i g s .  4 4 ,  45 8

46)  and m e d u l l a  ( F i g s .  4 7 ,  48 8 54)  had a v e r y  n a r r o w

l u mi n a  bounded by a w a l l  c o n s i s t i n g  o f  c o n t i n u o u s

e n d o t h l i u m ,  a b a s a l  l a m i n a ,  and p e r i c y t e s  i n  a t h i n

a d v e n t i t i a l  l a y e r  o f  c o l l a g e n  f i b r i l s .  I n  a c r o s s - s e c t i o n ,  

p o r t i o n s  o f  one t o  t h r e e  e n d o t h e l i a l  c e l l s  bounded t h e  

l umen.  T h e i r  c e l l  j u n c t i o n s  were s i mp l e  a p p r o x i m a t i o n s ,  or  

o v e r l a p p i n g ,  and o c c a s i o n a l l y  were i n t e r d i g i t a t e d .  

E n d o t h e l i a l  c e l l s  d i s p l a y e d  an i r r e g u l a r  l u m i n a l  and

a b l u m i n a l  c o n t o u r .  The c e l l  membrane on t h e  l u m i n a l  s i d e  

has numerous s l e n d e r  and f i n g e r - l i k e  c y t o p l a s m i c  

p r o j e c t i o n s  t h a t  e n c l o s e d  v a c u o l e s  on c o n t a c t  w i t h  o p pos i ng

membrane ( F i g s .  4 5 ,  47 8 5 4 ) .  Some v a c u o l e s  c o n t a i n e d

dense  g r a n u l a r  m a t e r i a l ,  but  most were empt y .  I n  a n i ma l s

whi ch wer 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  i n d i a  i n k ,  p a r t i c l e s

o f  c a r b o n  were seen c a p t u r e d  and i n v a g i n a t e d  w i t h i n  t h e s e

v a c u o l e s .  Numerous m i c r o p i n o c y t o t i c  v e s i c l e s  were p r e s e n t  

s c a t t e r e d  i n  t h e  e n d o t h e l i a l  c e l l  c y t o p l a s m .  Ot h e r  

c y t o p l a s m i c  o r g a n e l l e s  i n c l u d e d :  m i t o c h o n d r i a ,  o c c a s i o n a l

p r o f i l e s  o f  rough e nd o p l a s mi c  r e t i c u l u m ,  a few f i n e  

c y t o p l a s m i c  f i l a m e n t s  and a few c o a t e d  v e s i c l e s .  One

f r e q u e n t  o b s e r v a t i o n  was t h e  p r e s e n c e  o f  e l e c t r o n - l u c e n t  and
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e l e c t r o n - d e n s e  e n d o t h e l i a l  c e l l s  c o n s t i t u t i n g  t h e  w a l l s  of  

t h e  c a p i l l a r i e s  ( F i g s .  4 4 ,  47 & 5 4 ) .  The c a p i l l a r y

e n d o t h e l i u m  has a c o n t i n u o u s  b a s a l  l a m i n a .  E n d o t h e l i a l

f e n e s t r a t i o n s  were  n e v e r  o b s e r v e d ,  e i t h e r  i n  c o r t i c a l ,  o r  i n  

m e d u l l a r y ,  c a p i l l a r i e s .  P e r i c y t e s  were a l ways  p r e s e n t

o u t s i d e  t h e  e n d o t h e l i a l  c e l l s ,  whi ch somet i mes e n c l o s e d  as 

much as h a l f  o f  t h e  p e r i m e t e r  o f  a c a p i l l a r y  o r ,  as t i n y  

p r o c e s s e s  o f  p e r i c y t e  c y t o p l a s m t o g e t h e r  w i t h  a few l o n g e r  

ones ( F i g s .  4 4 - 4 8  & 5 4 ) .  The p e r i c y t e s  were n e v e r  f ound t o  

make c o n t a c t  w i t h  e p i t h e  I i a  I - r e t i c u I  ar  c e l l s ,  whi ch i s  t h e  

most  p e r i p h e r a l  e l e me n t  o f  t h e  c a p i l l a r y  w a l l ,  or  t h e i r  

b a s a l  l a mi n a  f r om whi ch t h e y  were s e p a r a t e d  by an 

a d v e n t i t i a l  l a y e r  o f  c o l l a g e n  f i b r e s .

i n t h e  me d u l l a  had w i d e r  l u m i n a ,  and t h e i r  

w a l l s  c o n s i s t e d  o f  t a l l  e n d o t h e l i u m ,  b a s a l  l a m i n a ,  l a y e r s  

o f  p e r i c y t e s  and a c o n n e c t i v e  t i s s u e  a d v e n t i t i a  ( F i g s .  4 9 ,  

5 1 ,  6 2 ,  63 & 8 7 ) .  The f i n e  s t r u c t u r e  of  t h e  e n d o t h e l i a l

c e l l s  was s i m i l a r  t o  t h a t  o f  t h e  c a p i l l a r i e s .  

M i c r o p i n o c y t o t i c  v e s i c l e s  were v a r i a b l e  f rom c e l l  t o  c e l l ,  

so were  t h e  numbers o f  r i b o s o me s ,  g i v i n g  d i f f e r e n t  

e l e c t r o n - d e n s i t y  t o  t h e  c y t o p l a s m o f  a d j a c e n t  c e l l s  ( F i g s .  

49 & 6 6 ) .  The b a s a l  l ami na  o f  t h e  e n d o t h e l i u m  was

s u r r o u n d e d  by c y t o p l a s m i c  p r o c e s s e s  o f  p e r i c y t e s ,  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  e l a s t i c  f i b r e s .  The  

w a l l s  o f  t h e  m e d u l l a r y  v e n u l e s  were somet i mes i n f i l t r a t e d  

w i t h  m i g r a t i n g  l y m p h o c y t e s ,  but  t h e  d i r e c t i o n  o f  m i g r a t i o n  

c ou l d  no t  be d e t e r m i n e d .
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^ i t e r i o l e s  at  t h e  c o r t i c o - m e d u 1 1  a r y  b o u n d a r y  had a 

l i n i n g  o f  f l a t t e n e d  e n d o t h e l i a l  c e l l s ,  whi ch were

s u r r o u n d e d  by a l a y e r  o f  smooth muscl e  c e l l s  ( F i g s .  5 2 ,  53

& 6 6 ) .  P e r i p h e r a l  t o  t h e  smooth muscl e  c e l l s  was a s l e e v e  

o f  l o o s e  c o n n e c t i v e  t i s s u e ,  c o n s i s t i n g  o f  a few 

f i b r o b l a s t s ,  c o l l a g e n  and e l a s t i c  f i b r e s  and a v a r i a b l e

number  o f  l ymph o i d  c e l l s .

P e r i v a s c u l a r  s p a c e s : E x a m i n a t i o n ,  by l i g h t

m i c r o s c o p e ,  o f  H a e m a t o x y l i n  and Eos i n - s t a i n e d  p r e p a r a t i o n s ,  

r e v e a l e d  t h e  e x i s t e n c e  of  a space bounded by an 

e o s i n o p h i l i c  b a s a l  l ami na  s e p a r a t i n g  t h e  t hy mi c  b l ood

v e s s e l s ,  p a r t i c u l a r l y  t h e  l a r g e  s e p t a l  v e s s e l s  and t h o s e  at  

t h e  c o r t i c o - m e d u l l a r y  j u n c t i o n ,  f rom t h e  t h y mi c  par enchyma  

( F i g s .  5 5 ,  5 8 ,  5 9 ,  60 & 7 9 ) .  T h i s  s t a i n  a l l o w e d  t h e

p e r i v a s c u l a r  space  t o  be e a s i l y  d i s t i n g u i s h e d  f rom t h e

s u r r o u n d i n g  p a r e n c h y ma .

The p r e s e n c e  o f  a d i s t i n c t i v e  e p i t h e l i a l  b a s a l  

l a m i n a ,  b o r d e r i n g  p e r i v a s c u l a r  s p a c e s ,  was c o n f i r m e d  by 

bot h  s c a n n i n g  ( F i g .  69)  and t r a n s m i s s i o n  e l e c t r o n  

mi c r o s c o p y  ( F i g s .  4 9 ,  5 1 ,  6 1 - 6 6 ,  85 & 8 7 ) .  The use o f

t r a n s m i s s i o n  e l e c t r o n  mi c r os c opy  showed t h a t  t h e  t h y mi c  

v e s s e l s  wer e  s u r r o u n d e d  by a p e r i v a s c u l a r  i n t e r s t i t i a l  

space o f  v a r y i n g  w i d t h ,  and appear ed t o  be c o m p l e t e l y  

s u r r o u n d e d  by e l o n g a t e d  e p i t h e l i a l - r e t i c u l a r  c e l l  p r o c e s s e s  

l i n k e d  t o g e t h e r  w i t h  desmosomes and t h e  a s s o c i a t e d  b a s a l  

l ami na  so t h a t  s e v e r a l  w e l l  d e l i n e a t e d  l a y e r s  were p r o d u c e d .  

These wer e  f or med b y : -

1)  e n d o t h e l i a l c e l l  c y t o p l a s m ,  w i t h  a mu s c u l a r  coat  i n
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a r t e r i o l e s  and v e i n s ,  b o u n d i n g  t h e  v a s c u l a r  l umen;

2)  e n d o t h e l i a l  c e l l  b a s a l  l a m i n a ;

3)  a p e r i v a s c u l a r  s p a c e ,  o f  v a r y i n g  w i d t h ,  c o n t a i n i n g

c o l l a g e n  f i b r e s  and c e l l s ;

4)  e p i t h e  I i a  I - r e t i c u  I a r  b a s a l  l a m i n a ;  and

5)  e p i t h e l i a l - r e t i c u l a r  c e l l  c y t o p l a s m .

T h u s ,  t h e  t h y m i c  p a r e nc hy ma  was s e p a r a t e d  

m o r p h o l o g i c a l l y  f r om t h e  p e r i v a s c u l a r  s p a c e ,  and t h e r e f o r e  

t h e  v a s c u l a r  l u mi n a  ( F i g s .  4 4 ,  4 6 ,  4 7 ,  5 1 ,  6 6 ,  69  8 8 7 ) .

H o we v e r ,  a r ound  s m a l l e r  b l o o d  v e s s e l s ,  p a r t i c u l a r l y  i n  t h e  

m e d u l l a ,  e p i t h e l i a l - r e t i c u l a r  c e l l s  d i d  not  e n c l o s e  t h e  

e n t i r e  c i r c u m f e r e n c e  o f  t h e  p e r i v a s c u l a r  s p a c e ,  l e a v i n g  

gaps o f t e n  o c c u p i e d  by d i f f e r e n t  c e l l s  ( F i g s .  45 8 5 0 ) .

Where t h i s  o c c u r r e d ,  t h e  b a s a l  l a mi n a  a s s o c i a t e d  w i t h  

e p i t h e l i a l - r e t i c u l a r  c e l l s  a l s o  d i s a p p e a r e d  a b r u p t l y  ( F i g s .  

50 8 5 2 ) .

T h e r e  may be t wo or  more c o n c e n t r i c  p e r i v a s c u l a r

spaces  a r ound  a b l o o d  v e s s e l  ( F i g .  6 9 ) .  Where t h i s  o c c u r s ,

p r o c e s s e s  o f  e p i t h e l i a l  c e l l s  e x t e n d  a c r o s s  t h e s e  s pa c e s

t o  e n c l o s e  p e r i v a s c u l a r  l y mp h o c y t e s  and i n t o  t h e  t h y m i c

par enchyma  t o  s u r r o u n d  c o r t i c a l  l y mp h o c y t e s  ( F i g s .  61 8

6 4 ) .  The w i d t h  o f  t h e  p e r i v a s c u l a r  space  a r ound t h y m i c  

b l o o d  v e s s e l s  i s  v a r i a b l e .  T h i s  was c l e a r l y  a p p r e c i a t e d  

when t h e  o u t e r  l i m i t  o f  t h e  space  was bounded by a

c o n t i n u o u s  l a y e r  o f  e p i t h e l i a l - r e t i c u l a r  c e l l s .  The

p e r i v a s c u l a r  s pace  was p a r t i c u l a r l y  wi de  a r ound t h e

a r t e r i e s  i n  t h e  c o n n e c t i v e  t i s s u e  s e p t a  and t h e  v e n u l e s  a t  

t h e  c o r t i c o - m e d u 1 1  a r y  j u n c t i o n  ( F i g s .  4 9 ,  5 5 ,  5 9 ,  61 8 6 4 ) .
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The d e e p e r ,  and s m a l l e r ,  t h e  t h y m i c  v a s c u l a t u r e  be c a me ,  t h e  

c l o s e r  t h e  t wo b a s a l  l a m i n a e  ( o f  b o t h  e n d o t h e l i a l  c e l l s  and 

e p i t h e l i a l - r e t i c u l a r  c e l l s )  l a y  t o  one a n o t h e r ,  and as a 

r e s u l t ,  t h e  n a r r o w e r  t h e  p e r i v a s c u l a r  s pace  became ( c . f .  

F i g s .  5 5 ,  59 & 49 w i t h  F i g s .  5 8 ,  60 & 50 r e s p e c t i v e l y ) .

W h i l e  t h e  s pac e  was c o n s i d e r a b l y  n a r r o w e r  i n  t h e  c o r t i c a l  

and m e d u l l a r y  b l o o d  c a p i l l a r i e s ,  two s e p a r a t e  b a s a l  l a m i n a e  

c o u l d  s t i l l  be d e m o n s t r a t e d  ( F i g s .  4 4 ,  48 & 5 4 ) .  The spac e  

a r ound  t h e  c a p i l l a r y  w a l l s  u s u a l l y  c o n t a i n e d  some c o l l a g e n  

f i b r e s  embedded i n  amo r p h o u s ,  somet i me s  m o t t l e d ,  g r ound  

s u b s t a n c e  o f  low e l e c t r o n - d e n s i t y  ( F i g s .  4 7 ,  48 & 5 4 ) .

H o we v e r ,  p r o f i l e s  o f  a f ew l ymph o i d  c e l l s  c o u l d  a l s o  be 

seen o c c a s i o n a l l y .

W h i l e  p e r i v a s c u l a r  s paces  a r ound a r t e r i o l e s  and 

v e n u l e s  c o n t a i n e d  l a r g e  amount s o f  c o l l a g e n  and some c e l l s  

( F i g s .  51 & 5 2 ) ,  t h o s e  a r ound s e p t a l  a r t e r i e s  and v e i n s

were  p a ck e d  w i t h  a wi de  r ange  o f  c e l l s  i n c l u d i n g  

l y m p h o c y t e s ,  m a c r o p h a g e s ,  p l a sma  c e l l s ,  mast  c e l l s ,  

n e u t r o p h i l s ,  e o s i n o p h i l s ,  mo n o c y t e s ,  e r y t h r o c y t e s  and 

f i b r o b l a s t s  ( F i g s .  4 9 ,  5 7 ,  6 1 ,  6 6 ,  87 & 8 9 ) .  On some

o c c a s i o n s ,  t h e  space s  were  so f u l l  w i t h  l ymph o i d  c e l l s ,  

t h a t  i t  c o u l d  e a s i l y  be m i s t a k e n  as an e x t r a  t h y m i c  l o b u l e  

( F i g s .  49 & 59)  .

I t  was c o n s t a n t l y  o b s e r v e d  t h a t  p e r i v a s c u l a r  

l y mp h o c y t e s  wer e  s t a i n e d  more d e e p l y  t h a n  t h o s e  i n  t h e  

p a r e n c h y ma  o f  t h e  t hymus ( F i g s .  5 5 ,  59 & 7 9 ) .  T h i s

o b s e r v a t i o n  was f u r t h e r  c o n f i r m e d  by e l e c t r o n  m i c r o s c o p y
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( F i g s .  6 4 ,  65 & 9 1 ) .  P e r i v a s c u l a r  l y mp h o c y t e s  wer e

c h a r a c t e r i s t i c a l l y  s m a l l e r  t h a n  t h e  g e n e r a l  p a r e n c h y m a t o u s  

l y m p h o c y t e s .  They  wer e  a r r a n g e d  i n  c o n c e n t r i c  r o w s ,  

r a n g i n g  f r o m one t o  s e v e r a l ,  a r ound  t h e  b l o o d  v e s s e l s  

( F i g s .  5 5 ,  58 & 6 4 ) .  They wer e  o f t e n  s u r r o u n d e d  by

c o l l a g e n  f i b r e s  and f i b r o b l a s t i c  or  m e s e n c h y m a I - I i k e  

p r o c e s s e s ;  a l l  b a t h e d  i n  i n t e r s t i t i a l  f l u i d .
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C. I HYMI C LYMPHATIC VESSELS

Each Lobe o f  t h e  t hymus had a t  l e a s t  one  

n e u r o v a s c u l a r  b u n d l e  o r  h i l u s .  The h i l u m  was u s u a l l y  f ound  

a t  t h e  p o s t e r o - I  a t e r a  I a s p e c t  o f  t h e  t h y m i c  l o b e s .  L a r g e  

e f f e r e n t  l y m p h a t i c  v e s s e l s  were  r e c o g n i s e d  t o  f or m p a r t  o f  

t h e  h i l u m  as t h e y  r e a c h  t h e  t h y m i c  s u r f a c e  ( F i g s -  7 2 ,  73 8 

7 4 ) ,  Unde r  t h e  l i g h t  m i c r o s c o p e ,  l y m p h a t i c  v e s s e l s ,  when 

t r a c e d  r e t r o g r a d e  l y ,  f o l l o w e d  t h e  b r a n c h i n g  o f  t h e  v a s c u l a r  

t r e e  a n d ,  t h e r e f o r e ,  wer e  i d e n t i f i e d  i n  t h e  h i l u m ,  c a p s u l e ,  

i n t e r l o b u l a r  and i n t r a l o b u l a r  s e p t a ,  c o r t i c o - m e d u 1 1  a r y  

j u n c t i o n s ,  and i n  t h e  o u t e r  m e d u l l a -  I n  g e n e r a l ,  t h y m i c  

l y m p h a t i c s  wer e  r e l a t i v e l y  few and l e s s  t h a n  woul d be  

e x p e c t e d  f o r  a l y m p h o e p i t h e I i a  I o r g a n .  They a p p e a r e d  

i r r e g u l a r  i n  shape  a n d ,  s o m e t i m e s ,  as " s l i t - l i k e "  s pa ces  

s u r r o u n d e d  by t h i n  e n d o t h e l i a l  w a l l s  ( F i g s .  7 0 ,  7 9 ,  8 1 ,  82 

& 8 3 ) ,  L y m p h a t i c  v e s s e l s  wer e  not  f ound i n  t h e  t h y m i c

c o r t e x  n o r  i n  t h e  i n n e r  m e d u l l a .

H i l a r  l y m g h a t i c s : ( F i g s .  7 2 ,  73 8 7 4 ) .  M u l t i p l e ,

l a r g e  i r r e g u l a r  l ymph v e s s e l s  were f ound a c c ompa ny i ng  t h e  

h i l a r  b l o o d  v e s s e l s .  H i l a r  l y m p h a t i c s  wer e  u s u a l l y  

a s s o c i a t e d  w i t h  a r t e r i e s  b u t  were  a l s o  seen w i t h  v e i n s .  

P r o f i l e s  o f  n e r v e  f i b r e s  were  f r e q u e n t l y  o b s e r v e d  i n  

a s s o c i a t i o n  w i t h  t h e s e  l y m p h a t i c s  ( F i g s .  73 8 7 4 ) .  H i l a r  

l y m p h a t i c s  c o n t a i n e d  a homogenous g r a y  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 many o f  them a l s o  c o n t a i n e d  l a r g e  

numbers o f  s m a l l  l y m p h o c y t e s .  Some e r y t h r o c y t e s  and 

macr ophages  wer e  a l s o  seen i n  them ( F i g .  7 4 ) .  O t h e r  c e l l
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t y p e s ,  o t h e r  t h a n  t h e s e ,  wer e  no t  o b s e r v e d .  These  l ymph  

v e s s e l s  wer e  l i n e d  by a s i n g l e  l a y e r  o f  e n d o t h e l i u m ,  

r e s t i n g  on a c o n n e c t i v e  t i s s u e  l a y e r .  E n d o t h e l i a l  n u c l e i  

b u l g e d  i n t o  t h e  l umen .  T y p i c a l  b i - c u s p i d  v a l v e s  were  f ound  

i n  t hem ( F i g .  7 3 ) .

S e p t a l  l y m g h a t 1 cs:  ( F i g s .  7 5 - 8 0 ) .  E x a m i n a t i o n  o f

s e r i a l  s e c t i o n s  showed t h a t  h i l a r  l y m p h a t i c s  were  

c o n t i n u o u s  w i t h  s i m i l a r  v e s s e l s  i n  t h e  i n t e r l o b u l a r  and 

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  s e p t a .  The s e p t a l  

l y m p h a t i c s  wer e  u s u a l l y  s m a l l e r  and l e s s  numerous t h a n  t h e  

h i l a r  l ymph v e s s e l s .  T h e y ,  t o o ,  m o s t l y  l a y  w i t h  a r t e r i e s ,  

howe ve r  a f ew s m a l l  v e s s e l s  wer e  a s s o c i a t e d  w i t h  v e i n s  

( F i g .  7 6 ) .  S m a l l  l y mp h o c y t e s  and a f ew e r y t h r o c y t e s  wer e  

a l s o  seen i n  t h e i r  l u mi n a  ( F i g s .  7 7 ,  78  8 8 0 ) .  A medium

s i z e d  l ymph v e s s e l  s u d d e n l y  d i s a p p e a r e d ,  somet i mes  o n l y  t o  

r e - a p p e a r  a f t e r  an i n t e r v a l  o f  s e v e r a l  s e c t i o n s .  When 

t h e r e  wer e  more t h a n  one l y m p h a t i c  v e s s e l  t h e y  wer e  l i n k e d  

v i a  a b r i d g i n g  c h a n n e l .  Some o f  t h e  l y m p h a t i c s  wer e  seen  

t o  b r a n c h ,  o r  r e - u n i t e .  They f o l l o w e d  e i t h e r  a s t r a i g h t  o r  

a s p i r a l  o r  a t o r t u o u s  c o u r s e .

Cor t j f co~medui . J l ar x  l y m p h a t i c s ;  ( F i g s .  81 8 8 2 ) .  As 

t h e  s e p t a l  l y m p h a t i c s  were  t r a c e d  s e r i a l l y  t o w a r d s  t h e  

m e d u l l a ,  i t  was o b s e r v e d  t h a t  t h e y  p r o g r e s s i v e l y  became  

s m a l l e r  a t  t h e  c o r t i c o - m e d u 1 1  a r y  j u n c t i o n  bu t  t h e y  wer e  

s t i l l  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 ,  m a i n l y  a r t e r i o l e s .

M e d u l l a r y  l y m p h a t i c s : ( F i g .  8 3 ) .  S u b s e q u e n t l y ,  i t

was a l s o  o b s e r v e d  t h a t  l y m p h a t i c s  a t  t h e  c o r t i c o - m e d u 1 1  a r y  

j u n c t i o n  s l i g h t l y  e x t e n d e d  i n t o  t h e  m e d u l l a ,  b u t  o n l y  as
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f a r  as t h e  o u t e r  r e g i o n  o f  t h e  m e d u l l a  ( F i g .  8 3 ) .  No lymph 

v e s s e l s  wer e  seen i n  t h e  deep m e d u l l a .  Some o f  t h e  

m e d u l l a r y  l y m p h a t i c s  a l s o  wer e  f ound  t o  c o n t a i n  v a r i a b l e  

number s  o f  s m a l l  l y m p h o c y t e s .

Unde r  t h e  e l e c t r o n  m i c r o s c o p e ,  two t y p e s  o f  l y m p h a t i c  

v e s s e l s  wer e  i d e n t i f i e d ;  l y m p h a t i c  c a p i l l a r i e s  ( u s u a l l y  

p r e s e n t  i n  t h e  c o r t i c o - m e d u l l a r y  j u n c t i o n  and m e d u l l a r y  

p a r e n c h y m a ,  F i g .  87)  and c o l l e c t i n g  l y m p h a t i c  v e s s e l s  ( t h a t  

wer e f ound  i n  t h e  c a p s u l e  and i n t e r l o b u l a r  s e p t a  i n  

a d d i t i o n  t o  some l y m p h a t i c  c a p i l l a r i e s ,  F i g s .  84 & 8 5 ) .

The f i n e  s t r u c t u r e  o f  t h e  t h y mi c  l y m p h a t i c  v e s s e l s  was,  i n  

g e n e r a l ,  s i m i l a r  t o  t h a t  o f  t h e  l y m p h a t i c  v e s s e l s  p r e s e n t  

e l s e w h e r e  i n  t h e  body ( L e a k  8 B u r k e ,  1 9 6 6 ,  1 9 6 8 ;  Y o f f e y  8 

C o u r t  i c e ,  1 9 7 0 ;  W e i s s ,  1 9 8 3 ) .

U l t r a s t r u c t u r a l l y ,  t h e  l y m p h a t i c  c a p i l l a r i e s  wer e  

d i s t i n g u i s h e d  f r om b l o o d  c a p i l l a r i e s  by t h e i r  a t t e n u a t e d  

e n d o t h e l i a l  w a l l s ,  t h e i r  r e l a t i v e l y  l a r g e r  l u m i n a ,  t h e  

p r e s e n c e  o f  a d i s c o n t i n u o u s  b a s a l  l a m i n a ,  and t h e  a b se nc e  

o f  p e r i c y t e s  a r ound t h e  c a p i l l a r y  w a l l  ( F i g .  8 7 ) .  The  

e n d o t h e l i a l  c e l l s  had a g r e a t l y  a t t e n u a t e d  c y t o p l a s m .  The  

n u c l e u s  was o f t e n  e l l i p s o i d  i n  p r o f i l e  w i t h  a t h i c k  r i m o f  

h e t e r o c h r o m a t i n  i n s i d e  t h e  n u c l e a r  membr ane.  On some 

o c c a s i o n s ,  t h e  n u c l e u s  b u l g e d  i n t o  t h e  c a p i l l a r y  lumen  

( F i g .  8 7 ) .  I n  a d d i t i o n  t o  t h e  u s u a l  compl ement  o f  

c y t o p l a s m i c  o r g a n e l l e s ,  numerous m i c r o p i n o c y t o t i c  v e s i c l e s  

were a l s o  o b s e r v e d  a l o n g  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 u r f a c e  o f  t h e  e n d o t h e l i u m .  L a r g e r  v a c u o l e s  wer e  a l wa y s
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f ound  n e a r  t h e  l u me n ,  p r o b a b l y  r e p r e s e n t i n g  i n f o l d i n g s  o f  

c e l l  membr ane .  The e n d o t h e l i a l  c e l l s  c o n t a i n e d ,  numer ous  

f i n e  f i l a m e n t s  i n  t h e  c y t o p l a s m .  The l u m i n a l  s u r f a c e  o f  

t h e  e n d o t h e l i u m  f r e q u e n t l y  d i s p l a y e d  s m a l l  c y t o p l a s m i c  

p r o c e s s e s .  S i m i l a r ,  and o c c a s i o n a l l y  l o n g e r ,  a b l u m i n a l  

c y t o p l a s m i c  p r o j e c t i o n s  f r om t h e  e n d o t h e l i a l  c e l l s  e x t e n d e d  

i n t o  t h e  s u r r o u n d i n g  c o n n e c t i v e  t i s s u e .  A d j a c e n t  

e n d o t h e l i a l  c e l l s  made c o n t a c t  w i t h  each o t h e r  by s i m p l e  

o v e r l a p s  o r  by i n t e r d i g i t a t i o n s  ( F i g .  7 1 ) .  H o we v e r ,  

e n d o t h e l i a l  d i s c o n t i n u i t i e s ,  p e r h a p s  p r o d u c e d  by t h e  

o p e n i n g  o f  an e n d o t h e l i a l  f l a p ,  were  a l s o  o b s e r v e d  i n  t h e s e  

l ymph c a p i l l a r i e s .  Numerous e x t r a c e l l u l a r  a n c h o r i n g  

f i l a m e n t s  f o r m i n g  an i r r e g u l a r  meshwor k ,  were  o f t e n  f ound  

b e t we e n  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  and c o l l a g e n  o f  

t h e  s u r r o u n d i n g  c o n n e c t i v e  t i s s u e  ( F i g .  7 1 ) .  The b a s a l  

l a mi n a  b e n e a t h  t h e  e n d o t h e l i a l  c e l l s  was o f t e n  

d i s c o n t i n u o u s  and p o o r l y  d e v e l o p e d  ( F i g s .  71 & 8 6 ) .

The w a l l s  o f  t h e  c o l l e c t i n g  l y m p h a t i c  v e s s e l s  

c o n s i s t e d  o f  t u n i c a  i n t i m a ,  composed o f  e n d o t h e l i a l  c e l l s ;  

a t u n i c a  m e d i a ,  f o r me d  by r a n d o ml y  a r r a n g e d  smooth mus c l e  

c e l l s ,  and a t u n i c a  a d v e n t i t i a ,  c o n t a i n i n g  c o l l a g e n  f i b r e s  

t h a t  merged w i t h  t h e  s u r r o u n d i n g  c o n n e c t i v e  t i s s u e  ( F i g .  

8 4 ) .  A d v e n t i t i a l  c o l l a g e n  f i b r e s  were a b u n d a n t ,  a p p a r e n t l y  

a r r a n g e d  i n  a h a p h a z a r d  ma nner .  Numerous c e l l s  ( s m a l l  

l y m p h o c y t e s ,  m a c r o p h a g e s ,  p l asma  c e l l s ,  mast  c e l l s ,  

e o s i n o p h i l s  and f i b r o b l a s t i c - l i k e  e l e m e n t s )  were o b s e r v e d  

l y i n g  i n  t h e  c o n n e c t i v e  t i s s u e  a r ound t h e  l y m p h a t i c  

v e s s e l s .  Ne r v e  b u n d l e s  were  a l s o  f ound i n  a s s o c i a t i o n  w i t h
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t h e  L y mp h a t i c  v e s s e l s .  The Lumi na o f  L y mp h a t i c  v e s s e l s  

wer e  f i l l e d  w i t h  a g r a y  p r e c i p i t a t e  o f  l ymph p r o t e i n ,  i n  

c o n t r a s t  t o  t h e  a cc o mp a n y i n g  empt y b l o o d  v e s s e l s  due t o  

v a s c u l a r  p e r f u s i o n ;  and a l s o  c o n t a i n e d  a v a r i a b l e  number  o f  

c e l l  p r o f i l e s  ( F i g s .  7 7 ,  84 8 8 5 ) .  The c e l l s  were

i d e n t i f i e d  as l y m p h o c y t e s  ( p r e d o m i n a n t l y  o f  s m a l l  s i z e ) ,  

ma c r opha ge s  and e o s i n o p h i l s .  O c c a s i o n a l  e r y t h r o c y t e s  wer e  

a l s o  s e e n .  The l y mp h o c y t e s  wer e  t h e  most  numer ous c e l l s  i n  

t h e  l y m p h a t i c  v e s s e l s  ( F i g s .  77 & 8 4 ) .  These  c i r c u l a t i n g  

s m a l l  l y m p h o c y t e s  wer e  r ound i n  p r o f i l e  w i t h  a t h i n  r i m o f  

c y t o p l a s m  a r ound  t h e  n u c l e u s  and a few c y t o p l a s m i c  

p r o t r u s i o n s ,  o r  m i c r o v i l l i ,  e me r g i n g  f r om t h e  c e l l  s u r f a c e .  

The n u c l e i  o f  t h e s e  l y mp h o c y t e s  were  s omet i mes  d e e p l y  

i n d e n t e d  a n d ,  as a r u l e ,  s t a i n e d  d a r k e r  t h a n  p a r e n c h y m a t o u s  

l y m p h o c y t e s .  They  had a g r e a t  d e a l  o f  r e s e m b l a n c e  t o  

p e r i v a s c u l a r  s m a l l  l y m p h o c y t e s ,  f r om whi ch t h e y  mi gh t  

o r i g i n a t e .

c h a n n e l s ;  ( F i g s .  8 9 - 9 2 ) .  These  were  

n o n - e n d o t h e  I i a  I i z e d  spac es  o r  c h a n n e l s ,  f r e q u e n t l y  seen by 

t h e  e l e c t r o n  m i c r o s c o p e ,  and wer e  f ound  i n  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  s u r r o u n d i n g  b l o o d  v e s s e l s ,  p a r t i c u l a r l y  

l a r g e  s e p t a l  v e s s e l s .  T h e i r  w a l l s  were  m a i n l y  f o r me d  by 

t h i n  c y t o p l a s m i c  e x t e n s i o n s  o f  mesenchymal  c e l l s  or  

f i b r o b l a s t s  and s u r r o u n d e d  by b u n d l e s  o f  c o l l a g e n  f i b r e s .  

They c o n t a i n e d  g r a y  homogenous i n t e r s t i t i a l  f l u i d  and 

numerous c e l l s  m a i n l y  s m a l l  l y m p h o c y t e s .  These  s m a l l  

l y mp h o c y t e s  wer e  s i m i l a r  i n  shape and i n  t h e  d e g r e e  o f
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s t a i n i n g  t o  t h o s e  c i r c u l a t i n g  l y m p h o c y t e s  p r e s e n t  i n  t h e  

s e p t a l  l y m p h a t i c  v e s s e l s ,  e x c e p t  t h a t  t h e  f o r m e r  had a 

s mo o t h e r  o u t e r  s u r f a c e  ( c . f .  F i g .  64 w i t h  F i g .  8 4 ) .  O t h e r  

c e l l s  f o u n d  i n  t h e s e  f i b r o b l a s t i c  space s  i n c l u d e d  

m a c r o p h a g e s ,  mast  c e l l s ,  and e o s i n o p h i l s .  Q u i t e  o f t e n  

t h e s e  s p a c e s  seemed t o  j o i n  t o g e t h e r  as t h e y  t r a v e l  

d i s t a l l y  t o w a r d s  t h e  h i l u m  f o r m i n g  c o n t i n u o u s  c h a n n e l s  

whi ch  e v e n t u a l l y  e n t e r e d  t h e  n e a r e s t  s e p t a l  l y m p h a t i c  

v e s s e l .  T h u s ,  t h e y  a c t e d  as a " p r e - l y m p h a t i c " p a t h wa y  

whi ch c h a n n e l e d  s m a l l ,  and p r e s u m a b l y  m a t u r e ,  l y mp h o c y t e s  

and i n t e r s t i t i a l  f l u i d  f r om deep p e r i v a s c u l a r  s p a c e s ,  and 

became c o n t i n u o u s  w i t h  t r u e  l y m p h a t i c  v e s s e l s ,  whi ch t h e y  

a r e  so o f t e n  a s s o c i a t e d  w i t h ,  i n  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 .
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d i s c u s s i o n

T h i s  s t u d y  has d e a l t  w i t h  t h e  l i g h t  and 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  t h e  h i s t o l o g y ,  v a s c u l a t u r e ,  and 

i n t r i n s i c  l y m p h a t i c s  o f  t h e  r a t  t hymus g l a n d .  P r e v i o u s  

s t u d i e s ,  i n  d i f f e r e n t  a n i m a l s  and i n  humans,  have  

c o n c e n t r a t e d  m a i n l y  on p a r t i c u l a r  a s p e c t s  o f  t h e  s t r u c t u r e  

o f  t h e  t hymus ( Be a r man  e t  a l . ,  1 9 7 8 ;  C l a r k ,  1 9 6 4 ,  1 9 7 3 ;

H a a r ,  1 9 7 4 ;  Hammer ,  1 9 2 1 ;  H i r o k a w a ,  1 9 6 9 ;  Hwang e t  a l . ,  

1 9 7 4 ;  I t o  e t  a l . ,  1 9 6 9 ;  Kameya 8 W a t a n a b e ,  1 9 6 5 ;  L u n d i n  8 

S c h e l i n ,  1 9 6 5 ;  M a n d e l ,  1 9 6 8 ,  1 9 7 0 ;  S a i n t e - M a r i e  8 L e b l o n d ,  

1 9 6 4 ;  Van H a e l s t ,  1 9 6 7 ) ,  and a l s o  on t h e  p e r m e a b i l i t y  o f  

t h e  t h y m i c  v a s c u l a r  t r e e  and on t h e  v a l i d i t y  o f  t h e  c o n c e p t  

o f  a b l o o d - t h y m u s  b a r r i e r  ( Abe 8 I t o ,  1 9 7 4 ;  Bearman e t  a l . ,  

1 9 7 5 ;  K r a m a r a s k y  e t  a l . ,  1 9 6 7 ;  P e r e i r a  8 C l e r m o n t ,  1 9 7 1 ;  

R a v i o l a  8 K a r n o v s k y ,  1 9 7 2 ;  W e i s s ,  1 9 6 3 ) .  F u r t h e r m o r e ,  

a l t h o u g h  s e v e r a l  a u t h o r s  have s e c o n d a r i l y  i n c l u d e d  o r  

me n t i o n e d  l y m p h a t i c s  i n  t h e i r  o r i g i n a l  s t u d i e s  o f  t h e  f i n e  

s t r u c t u r e  o f  t h e  thymus ( Bear man e t  a l . ,  1 9 7 8 ;  H a r r i s  8 

T e m p l e t o n ,  1 9 6 8 ;  Hwang e t  a l . ,  1 9 7 4 ;  K o t a n i  e t  a l . ,  1 9 6 7 ;  

Omo r i ,  1 9 7 3 ;  S m i t h ,  1 9 5 5 ) ,  most  o f  t h e s e  s t u d i e s  have  been  

based on l i g h t  m i c r o s c o p i c  o b s e r v a t i o n s .

T h i s  p a r t  o f  t h e  t h e s i s  c o n f i r m s  and e x t e n d s  t h e s e  

o b s e r v a t i o n s  a t  b o t h  l i g h t  and e l e c t r o n  m i c r o s c o p e  l e v e l s .
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A- STRUCTURE OF THE IHYMUS GLAND

L i g h t  m i c r o s  cog}':
The r a t  t hymus r e s e mb l e d  t h a t  o f  o t h e r  mammal s,  i n  

b e i n g  a l y m p h o e p i t h e  I i a  I o r g a n ,  t h e  s u p p o r t i n g  f r a me w o r k  o f  

whi ch  i s  composed o f  e p i t h e l i a l - r e t i c u l a r  c e l l s  w i t h  

i n t e r c o n n e c t i n g  c y t o p l a s m i c  e x t e n s i o n s .  P r e s e n t  w i t h i n  

t h i s  f r a me w o r k  a r e  l a r g e  number s  o f  l y mp h o i d  c e l l s ,  a 

v a r i a b l e  number  o f  ma c r opha ges  and i n t e r d i g i t a t i n g  

r e t i c u l u m  c e l l s ,  and a s m a l l  number  o f  o t h e r  c e l l s  t h a t  

i n c l u d e  p l a s ma  c e l l s ,  mast  c e l l s ,  and e o s i n o p h i l s .  The  

a r c h i t e c t u r e  o f  t h e  c o r t e x  and m e d u l l a  i s  b a s i c a l l y  

s i m i l a r .  H o w e v e r ,  t h e  c y t o p l a s m i c  p r o c e s s e s  o f  e p i t h e l i a l -  

r e t i c u l a r  c e l l s  a r e  much f i n e r  i n  t h e  c o r t e x  and a r e  

d i f f i c u l t  t o  a p p r e c i a t e  i n  h e m a t o x y l i n  and e o s i n  s t a i n e d  

s e c t i o n s .  On t h e  o t h e r  h a nd ,  t h e  m e d u l l a r y  e p i t h e l i a l -  

r e t i c u l a r  c e l l s  have a v o l u m i n o u s  c y t o p l a s m ,  and t h e s e  f or m  

a much d e n s e r  n e t w o r k  i n  t h e  m e d u l l a .  A c h a r a c t e r i s t i c  

f e a t u r e  o f  t h e  t h y m i c  m e d u l l a  i s  t h e  p r e s e n c e  o f  H a s s a l l ' s  

c o r p u s c l e s  w i t h  a s t r u c t u r e  s u g g e s t i v e  o f  d e r i v a t i o n  f r om  

m e d u l l a r y  e p i t h e l i a l - r e t i c u l a r  c e l l s .  The l i g h t

m i c r o s c o p i c  f e a t u r e s  o f  t h e  r a t  t hymus g l a n d ,  as f ound i n  

t h e  p r e s e n t  s t u d y ,  added l i t t l e  t o  t h e  p r e v i o u s  

i n v e s t i g a t i o n s  by a m u l t i p l i c i t y  o f  a u t h o r s ,  

y i t n a s t r u c t u r e :

Lymghogd c e l l s  -

The u l t r a s t r u c t u r e  o f  l y mp h o i d  c e l l s  i n  t h e  r a t  

t hymus was ,  i n  g e n e r a l ,  s i m i l a r  t o  t h a t  r e p o r t e d  by o t h e r s
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i n  a v i a n  ( K e n d a l l ,  1 9 8 1 ) ;  mammal i an ( Abe  & I t o ,  1 9 7 0 ;  

C l a r k ,  1 9 7 3 ;  Hwang e t  a l . ,  1 9 7 4 ;  L u n d i n  8 S c h e l i n ,  1 9 6 5 ;  

M u r r a y  e t  a l . ,  1 9 6 5 ;  Van H a e l s t ,  1 9 6 7 ) ;  and human t hymus  

( Be a r man  e t  a l . ,  1 9 7 8 ;  B l o o d w o r t h  e t  a l . ,  1 9 7 5 ;  Von 

G a u d e c k e r ,  1 9 7 8 )  and a l s o  a p p l i e d  i n  a ma j o r  way t o  t h e  

l y m p h o c y t e s  o f  o t h e r  l y mp h o i d  o r g a n s  ( W e i s s ,  1 9 8 3 ;  Y o f f e y  & 

C o u r t  i c e ,  1 9 7 0 ) .  T h e i r  s i z e s  v a r i e d  f r om 5 t o  15 urn i n  

d i a m e t e r ,  w i t h  a l l  i n t e r m e d i a t e  s i z e s  r e p r e s e n t e d .  The  

s i z e s  and u l t r a s t r u c t u r a l  d i f f e r e n c e s  o f  d i f f e r e n t  f or ms  o f  

l y mp h o i d  c e l l s  c o r r e s p o n d e d  t o  t h a t  r e p o r t e d  f o r  r a t  t hymus  

by v a r i o u s  a u t h o r s  (Hwang e t  a l . ,  1 9 7 4 ;  L u n d i n  8 S c h e l i n ,  

1 9 6 5 ;  M u r r a y  e t  a l . ,  1 9 6 5 ;  Van H a e l s t ,  1 9 6 7 ) .  L a r g e  

l y m p h o c y t e s  p r e d o m i n a t e d  i n  t h e  p e r i p h e r a l  c o r t i c a l  r e g i o n ;  

t h e  d e e p e r  c o r t e x  and t h e  m e d u l l a  c o n t a i n e d  m a i n l y  s m a l l  

l y m p h o c y t e s .  M i t o t i c  f i g u r e s  were  most  numerous i n  t h e  

s u b c a p s u l a r  c o r t e x  ( Bear man e t  a l . ,  1 9 7 8 ) .

I t  seemed l o g i c a l  t o  assume,  as o t h e r s  have d o n e ,  

( M u r r a y  e t  a l . ,  1 9 6 5 ;  S a i n t e - M a r i e  8 L e b l o n d ,  1 9 6 4 )  t h a t  

t h e  d i f f e r e n c e s  i n  s i z e  and o t h e r  f e a t u r e s  n o t e d  among t h e  

t h y mi c  l y mp h o i d  c e l l s  were  r e p r e s e n t a t i v e  o f  a r a nge  o f  

m a t u r i t y .  T h u s ,  t h e  l a r g e  l y mp h o c y t e s  w i t h  l e p t o c h r o m a t i c  

n u c l e i ,  b r o a d e r  c y t o p l a s m  and more o b v i o u s  n u c l e o l i  mi g h t  

be t h e  l e a s t  ma t u r e  among t h e s e  c e l l s  ( M u r r a y  e t  a l . ,  

1 9 6 5 ) .  H o w e v e r ,  i t  may not  be j u s t i f i a b l e  t o  say  t h a t  a l l  

s m a l l  l y m p h o c y t e s  w i t h  p a c h y c h r o m a t i c  n u c l e i  and a t h i n  r i m  

of  c y t o p l a s m  wer e  h i g h l y  d i f f e r e n t i a t e d  and r e p r e s e n t e d  t h e  

end s t a g e  i n  a m a t u r a t i o n  p r o c e s s ,  as many s m a l l  

l y mp h o c y t e s  i n  t h e  c o r t e x  as w e l l  as i n  t h e  m e d u l l a
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c o n t a i n e d  r i n g - s h a p e d  n u c l e i .  C e l l s  w i t h  r i n g - s h a p e d  

n u c l e i  have  been r e g a r d e d  as r e s t i n g  c e l l s  c a p a b l e  o f  

r e - s t i m u l a t i o n  w i t h  r e s p e c t  t o  RNA s y n t h e s i s  ( Sme t a n a  & 

I v  any i ,  1 9 7 2 ) .

The o r i g i n  o f  l y mp h o c y t e s  i n  t h e  t hymus has l ong been  

a s o u r c e  o f  c o n t r o v e r s y .  A l t h o u g h  i n  some u l t r a s t r u c t u r a l  

s t u d i e s  t r a n s i t i o n a l  f o r ms  and desmosomal  j u n c t i o n s  b e t we e n  

l y m p h o c y t e s  and e p i t h e  I i a  I - r e t i c u I  a r  c e l l s  have been  

d e m o n s t r a t e d  and an o r i g i n  o f  l y mp h o c y t e s  f r om e p t i t h e l i a l -  

r e t i c u l a r  c e l l s  has been p r o p o s e d  ( Ac k e r ma n  & K n o u f f ,  1 9 6 5 ;  

A u e r b a c k ,  1 9 6 1 ) ,  t h i s  has not  been s u p p o r t e d  by o t h e r  

e l e c t r o n  m i c r o s c o p i c a l  r e p o r t s  ( Bear man e t  a l . ,  1 9 7 8 ;  

L u n d i n  & S c h e l i n ,  1 9 6 5 ;  M a n d e l ,  1 9 6 8 ;  M u r r a y  e t  a l . ,  1 9 6 5 ) .  

No e v i d e n c e  o f  such a t r a n s f o r m a t i o n  o f  e p i t h e l i a l -  

r e t i c u l a r  c e l l s  i n t o  l y mp h o c y t e s  was f ound i n  t h e  p r e s e n t  

s t u d y ,  n e i t h e r  wer e  desmosomal  j u n c t i o n s  o b s e r v e d  b e t we e n  

t h e s e  t wo t y p e s  o f  c e l l s .

E x p e r i m e n t a l  s t u d i e s  u s i n g  i n t e r s p e c i e s  n u c l e a r  

d i f f e r e n c e s  i n  c h i m a e r a s  ( Le  D o u a r i n  & J o t e r e a u ,  1 9 8 1 )  have  

shown t h a t  t h e  e n t i r e  l ymph o i d  c e l l  p o p u l a t i o n  o f  t h e  

thymus a p p e a r s  t o  a r i s e  f r o m b l o o d - b o r n e  stem c e l l s  t h a t  

i m m i g r a t e  i n t o  t h e  t h y mi c  e p i t h e l i a l  a n l a g e .  I t  i s  not  

c l e a r  wher e  stem c e l l s  e n t e r  t h e  t h y mu s .  Wo r k i n g  w i t h  

p a r a b i o t i c  r a t s ,  Brumby and M e t c a l f  ( 1 9 6 7 )  f ound  t h a t  

b l o o d - b o r n e  st em c e l l s  a c c u m u l a t e d  n e a r  c o r t i c a l  b l o o d  

c a p i l l a r i e s .  H o w e v e r ,  S a i n t e - M a r i e  ( 1 9 7 3 )  r e v i e w e d  c e l l  

m i g r a t i o n  i n t o  and out  o f  t h e  thymus and s u g g e s t e d  t h a t  t h e
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st em c e l l s  c o u l d  e n t e r  v i a  t h e  c a p s u l e  and move a l o n g  t h e  

c o n n e c t i v e  t i s s u e  s e p t a  i n t o  t h e  t h y mu s .

E Q i t h e j . i a ] . —ret i ^cul ^ar  c e l l s  -

The p r e s e n t  s t u d y  c o n f i r m e d  t h a t  c e r t a i n  

u I t r a s t r u e t u r a  I c h a r a c t e r i s t i c s  were  c o n s i s t e n t l y  f ound  i n  

t h e  e p i t h e l i a l  c e l l s  o f  t h e  t h y mu s ,  n a m e l y ,  many w e l l -  

f o r me d  desmosomes,  b u n d l e s  o f  b r a n c h i n g  t o n o f i I  ament s  and 

t h e i r  a s s o c i a t i o n  w i t h  a basement  membrane wh e n e v e r  t h e y  

came i n  c o n t a c t  w i t h  c o n n e c t i v e  t i s s u e .

The l ong b r a n c h i n g  e p i t h e l i a l  c e l l s  f o r med t h e

f r a me wo r k  o f  t h e  t h y m i c  p a r e n c h y m a .  A l t h o u g h  t h e  f r a mewor k  

a p p e a r e d  e q u i v a l e n t  t o  t h a t  f ound i n t h e  lymph nodes and 

s p l e e n  ( C l a r k ,  1 9 6 2 ) ,  t h e r e  i s  a b u n d a n t  e v i d e n c e  f r om  

a n i m a l  and human s t u d i e s  t h a t  u n l i k e  t h e  f r a me wo r k  o f  t h e  

l ymph nodes and s p l e e n  whi ch i s  m e s e n c h y m a l - r e t i c u l a r  

( W e i s s ,  1 9 8 3 ) ,  t h e  t h y mi c  f r a me wo r k  i s  composed o f  

e p i t h e l i a l  c e l l s  ( Bear man e t  a l . ,  1 9 7 8 ) .  E v i d e n c e  i n

f a v o u r  o f  t h i s  i n t e r p r e t a t i o n  i n c l u d e s :  t h e  e n d o d e r ma l

d e r i v a t i o n  o f  t h e  t hymus ( Le  D o u a r i n  & J o t e r e a u ,  1 9 8 1 ) ,  

t h e  k e r a t i n i s i n g  n a t u r e  o f  H a s s a l l ' s  c o r p u s c l e s  ( Von  

Ga u d e c k e r  8 S c h m a l e ,  1 9 7 4 ) ,  t h e  g r o wt h  o f  t h y mi c  c e l l s  i n  

s h e e t s  i n  t i s s u e  c u l t u r e  ( S h e l t o n ,  1 9 6 6 )  and most  

c o n v i n c i n g l y ,  t h e  d e m o n s t r a t i o n  o f  desmosomes and 

t o n o f i I  ament s  i n  t h e  f r a me wo r k  c e l l s  i n  t h e  n o r ma l  a n i m a l  

(Chapman & A l l e n ,  1 9 7 1 ;  C l a r k ,  1 9 6 3 ;  H o s h i n o ,  1 9 6 3 ;  Hwang 

et  a l . ,  1 9 7 4 ;  M a n d e l ,  1 9 6 8 a , b ;  Van H a e l s t ,  1 9 6 7 )  and i n  t h e  

human t hymus ( Be a r man  e t  a l . ,  1 9 7 8 ;  B l o o d w o r t h  e t  a l . ,  

1975 ;  G o l s t e i n  & Ma c k a y ,  1 9 6 9 ;  H a a r ,  1 9 7 4 ;  H i r o k a w a ,  1 9 6 9 ;
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R o s a i & L e v i n e ,  1 9 7 6 ) ,  T h u s ,  t h e  t e r m " e p i t h e l i a l -  

r e t i c u l a r 11 a d e q u a t e l y  d e s c r i b e s  t h e s e  c e l l s  s i n c e  i t

d e n o t e s  b o t h  t h e i r  e p i t h e l i a l  n a t u r e  as w e l l  as t h e

t e n d e n c y  o f  t h e s e  c e l l s  t o  have l ong c y t p l a s m i c  p r o c e s s e s *  

I n  g e n e r a l ,  t h e  e p i t h e  I i a  I - r e t i c u I  a r  c e l l s  o f  t h e  r a t  

t hymus v a r i e d  g r e a t l y  i n  m o r p h o l o g y .  S e v e r a l  i n v e s t i g a t o r s  

have d e s c r i b e d  u l t r a s t r u c t u r a l  d i f f e r e n c e s  b e t we e n  c o r t i c a l  

and m e d u l l a r y  e p i t h e  I i a  I - r e t i c u  I a r  c e l l s  ( B l o o d w o r t h  e t  

a l . ,  1 9 7 5 ;  Chapman & A l l e n ,  1 9 7 1 ;  H i r o k a w a ,  1 9 6 9 ;  H o s h i n o ,  

1 9 6 3 ;  Hwang e t  a l . ,  1 9 7 4 ;  L u n d i n  & S c h e l i n ,  1 9 6 5 ;  M a n d e l ,  

1 9 6 8 ;  Van H a e l s t ,  1 9 6 7 ) ,  as w e l l  as v a r i o u s  s u b - t y p e s  o f  

m e d u l l a r y  e p i t h e l i a l - r e t i c u l a r  c e l l s  ( I t o  & H o s h i n o ,  1 9 6 6 ;  

K e n d a l l ,  1 9 8 6 ;  M a n d e l ,  1 9 6 8 ) .  I n  human m a t e r i a l  s t u d i e d  by  

Bearman e t  a l .  ( 1 9 7 8 ) ,  t h e  a u t h o r s  c o n s i d e r e d  t h a t  t h e  

e p i t h e  I i a  I - r e t i c u  I a r  c e l l s  were  i d e n t i c a l  t h r o u g h o u t  t h e  

t hymus e x c e p t  when t h e y  were  l o c a t e d  w i t h i n  and i m m e d i a t e l y  

a d j a c e n t  t o  H a s s a l l ' s  c o r p u s c l e s .  Ho we v e r ,  e p i t h e l i a l -

r e t i c u l a r  c e l l s  have been c l a s s i f i e d  g e n e r a l l y  as p a l e  and 

dar k  c e l l s  w i t h  r e f e r e n c e  t o  t h e i r  e l e c t r o n  d e n s i t y  

( J a r p l i d ,  1 9 7 4 ) .  I n  a c c o r d a n c e  w i t h  t h i s  w o r k e r  who 

s t u d i e d  t h e  t hymus o f  m i c e ,  da r k  and p a l e  e p i t h e l i a l -

r e t i c u l a r  c e l l s  o f  t h e  r a t  t hymus were a l s o  o b s e r v e d  i n  t h e  

p r e s e n t  s t u d y .  A p a r t  f r om o t h e r  c o n v e n t i o n a l  c y t o p l a s m i c  

o r g a n e l l e s ,  e p i t h e  I i a  I - r e t i c u  I a r  c e l l s  a l s o  c o n t a i n e d  many 

v a c u o l e s  and v e s i c l e s  and a v a r i a b l e  number  o f  membr ane-  

bound d e n s e  g r a n u l e s .  S i m i l a r  s t r u c t u r e s  wer e  n o t e d  by  

C l a r k  ( 1 9 6 3 )  and L u n d i n  and S c h e l i n  ( 1 9 6 5 )  i n  t h y mi c
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e p i t h e l i a l - r e t i c u l a r  c e l l s  o f  mouse and r a t  r e s p e c t i v e l y .

The f u n c t i o n  o f  t h e  c h a r a c t e r i s t i c  v a c u o l e s  and

v e s i c l e s  f o u n d  i n  t h e  c o r t i c a l  and m e d u l l a r y  e p i t h e l i a l -

r e t i c u l a r  c e l l s  i s  s t i l l  no t  c l e a r l y  u n d e r s t o o d .  C l a r k

( 1 9 6 6 )  p r o v i d e d  r a d i o a u t o g r a p h i c  e v i d e n c e  t h a t  a f t e r  
35 14

i n j e c t i o n  o f  S - s u l p h a t e  and C-g l u c o s a m i n e ,  t h e  l a b e l

was i n c o r p o r a t e d  i n t o  t h e  v a c u o l e s  o f  m e d u l l a r y  v e s i c u l a r

e p i t h e l i a l - r e t i c u l a r  c e l l s  o f  m i c e ;  a c c o r d i n g  t o  him t h e s e

r e s u l t s  i n d i c a t e d  t h a t  t h e  c e l l s  were  m a n u f a c t u r i n g  and

p e r h a p s  s e c r e t i n g  a s u l p h a t e d  m u c o p o l y s a c c a r i d e  or

g l y c o p r o t e i n -  S u b s e q u e n t l y ,  C l a r k  ( 1 9 7 3 )  showed a

c o r r e l a t i o n  b e t w e e n  t h e  a m p l i t u d e  o f  l y m p h o p o i e s i s  and t h e  
35

d e g r e e  o f  S - s u l p h a t e  i n c o r p o r a t i o n .

C o n s i d e r a b l e  e v i d e n c e  has a c c u m u l a t e d  i n  r e c e n t  y e a r s  

t h a t  t h e  t hymus s e c r e t e s  one or  more hormones w i t h  

l y m p h o p o i e s i s - s t i m u l a t i n g  a c t i v i t y  a n d / o r  i mmunocompet ence  

i n d u c i n g  p r o p e r t i e s  ( r e v i e w e d  by D a r d e n n e  & Ba ch ,  1 9 8 1 ) .  

I n  e x p e r i m e n t s  i n  whi ch t h y m u s - d e p r i v e d  a n i ma l s  wer e  

i m m u n o l o g i c a  I l y  r e s t o r e d  by t h y m i c  i m p l a n t s  e n c l o s e d  i n  

c e l l - i m p e r m e a b l e  m i l l i p o r e  c h a mb e r s ,  t h e  e x a m i n a t i o n  o f  t h e  

r e mnant s  i n  t h e s e  chamber s  showed t h a t  t h e  mai n component  

o f  t h e  r e mn a n t s  was e p i t h e l i a l  c e l l s  ( S h e l t o n ,  1 9 6 6 ) .  The  

r e s u l t s  s u g g e s t e d  t h a t  t h e  e p i t h e l i a l - r e t i c u l a r  c e l l s  were  

t h e  p r i n c i p a l  s o u r c e  o f  a t h y mi c  hor mone .  I n  r e c e n t  

s t u d i e s  on serum t h y mi c  f a c t o r  ( TF )  ( a  f a c t o r  wh i ch  i s  

c o n s t a n t l y  p r e s e n t  i n  t h e  b l o o d  o f  n o r ma l  a n i m a l s ,  bu t  

d i s a p p e a r s  f r om b l o o d  a f ew hour s  a f t e r  a d u l t  t hy me ct omy)  

i t  was f o u n d  t h a t  TF c o u l d  be made t o  a p p e a r  i n  t h e  b l o o d
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by g r a f t i n g  a m i l l  i p o r e  chamber  e n c l o s e d  n o n - l y m p h o i d  

thymoma o r  p u r e l y  e p i t h e l i a l  t h y m i c  t i s s u e  CDar denne e t  

a l . /  1 9 7 4 ) .  C o n v e r s e l y ,  G a r a c i  e t  a l .  ( 1 9 7 6 )  f ound  t h a t  

when an a n t i s e r u m  p r e p a r e d  s p e c i f i c a l l y  a g a i n s t  t h y m i c  

e p i t h e l i a l  c e l l s  was i n j e c t e d  i n t o  a n o r ma l  mouse,  t h e  

l e v e l  o f  c i r c u l a t i n g  TF d r o p p e d  q u i c k l y .  S i m i l a r l y ,  

i m m u n o f l u o r e s c e n c e  s t u d i e s  by T e o d o r c z y k  e t  a l .  ( 1 9 7  5)  have  

shown t h a t  an a n t i b o d y  a g a i n s t  a s o l u b l e  t h y mi c  f a c t o r  

( STF)  i n h i b i t e d  T - c e l l  m a t u r a t i o n  i n  t h e  t hymus;  and 

f u r t h e r m o r e  t h i s  STF was l o c a l i s e d  t o  t h y mi c  r e t i c u l a r -  

e p i t h e l i a l  c e l l s .

T h e se  r e s u l t s  s t r o n g l y  s u g g e s t  t h a t  t h e  e p i t h e l i a l -  

r e t i c u l a r  c e l l s  a r e  r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  o f  one  

or  more t h y m i c  ho r mo n e s .

The i n t r a t h y m i c  l o c a t i o n  o f  t h e  h o r m o n e - p r o d u c i n g  

e p i t h e l i a l - r e t i c u l a r  c e l l s  has no t  y e t  been c o m p l e t e l y  

c l a r i f i e d .  C l a r k  ( 1 9 7 3 )  s u g g e s t e d  t h a t  s i n c e  b o t h  t h e  

p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  o f  t h y m o c y t e s  t a k e s  p l a c e  

m a i n l y  i n  t h e  o u t e r  c o r t e x ,  any hormone t h a t  i n d u c e s  t h e s e  

p r o c e s s e s  may be s e c r e t e d  by t h e  c o r t i c a l  e p i t h e l i a l  c e l l s .  

I n  t h e  p r e s e n t  s t u d y ,  t h e  most  p r o m i s i n g  c a n d i d a t e  f o r  such  

a s e c r e t i o n  a p p e a r e d  t o  be t h e  g r a n u l e - c o n t a i n i n g  

e p i t h e l i a l  r e t i c u l a r  c e l l s  w h i c h ,  b e s i d e s  o t h e r  c e l l  

o r g a n e l l e s ,  c o n t a i n e d  a number  o f  homogenous l y  e l e c t r o n -  

d e n s e ,  me mbr ane - bound g r a n u l e s .

H o w e v e r ,  i n  a n o t h e r  r e p o r t e d  e x p e r i m e n t ,  a s p e c i f i c  

a n t i b o d y  t o  t h e  t h y m i c  hor mone ,  t h y m o s i n ,  was p r e p a r e d  and
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a p p l i e d  t o  s e c t i o n s  o f  b o v i n e  t h y mu s .  The a n t i b o d y  

a p p e a r e d  t o  be l o c a l i s e d  t o  t h e  e p i t h e l i a l  c e l l s  o f  t h e  

t h y m i c  m e d u l l a  ( Mand i  & G i a n t ,  1 9 7 3 ) .  Thus i t  was t h e  

m e d u l l a r y  e p i t h e l i a l  c e l l s  t h a t  wer e  c o n s i d e r e d  t o  be t h e  

c e l l s  i n v o l v e d  i n  t h e  s y n t h e s i s  o f  t h i s  hor mone .  H o w e v e r ,  

G o l d s t e i n  ( 1 9 7 5 )  i n j e c t e d  t h y m u s - d e r i v e d  e x t r a c t s  

c o n t a i n i n g  o t h e r  t h y m i c  ho r mo n e s ,  t h y m o p o i e t i n  I  and I I ,  

i n t o  two r a b b i t s  s e p a r a t e l y  t o  p r o d u c e  a n t i s e r a .  When 

t h e s e  a n t i s e r a  wer e  t a g g e d  w i t h  f l u o r e s c e i n  and a p p l i e d  t o  

s e c t i o n s  o f  g u i n e a  p i g  t h y mu s ,  t h e  a n t i s e r u m  o f  one r a b b i t  

was l o c a l i s e d  t o  t h e  c y t o p l a s m  o f  c o r t i c a l  e p i t h e l i a l  c e l l s  

o n l y ,  w h i l e  t h e  a n t i s e r u m  o f  t h e  o t h e r  r a b b i t  was l o c a l i s e d  

o n l y  t o  m e d u l l a r y  e p i t h e l i a l  c e l l s .  G o l d s t e i n  ( 1 9 7 5 )  

s p e c u l a t e d  t h a t  t h e  a n t i s e r a  may have been p r o d u c e d  a g a i n s t  

t h y m o p o i e t i n  I  and I I  r e s p e c t i v e l y ,  and t h a t  t h e s e  two  

hormones may t h u s  a r i s e  f r om d i f f e r e n t  c e l l  t y p e s ,  one f r om  

t h e  c o r t i c a l  and t h e  o t h e r  f r om t h e  m e d u l l a r y  e p i t h e l i a l -  

r e t i c u l a r  c e l l s .

T h u s ,  i t  i s  l i k e l y  t h a t  t h e  e p i t h e  I  i a  I - r e t i c u I  a r  

c e l l s  may be p r o d u c i n g  s e v e r a l  d i f f e r e n t  hormones and t h e s e  

c o u l d  be s y n t h e s i s e d  by d i f f e r e n t  e p i t h e l i a l - r e t i c u l a r  c e l l  

t y p e s .  Some o f  t h e s e  hor mone s ,  p r o d u c e d  by c o r t i c a l  

e p i t h e l i a l - r e t i c u l a r  c e l l s ,  c o u l d  r e g u l a t e  l y m p h o p o i e s i s  

and d i f f e r e n t i a t i o n  o f  l y mp h o c y t e s  w h i l s t  i n t h e  t h y m i c  

c o r t e x .  O t h e r  h o r mo n e s ,  p r o d u c e d  by m e d u l l a r y  e p i t h e l i a l -  

r e t i c u l a r  c e l l s  c o u l d  a c t  t o  i n d u c e  f u r t h e r  d i f f e r e n t i a t i o n  

of  t h y m i c  l y m p h o c y t e s  i n t h e  m e d u l l a  a n d / o r  be s e c r e t e d  

i n t o  t h e  b l o o d  t o  a c t  i n  o t h e r  l y mph o i d  o r g a n s .  None o f
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■the t h y m i c  hormones so f a r  documen t ed  have  been a s s o c i a t e d  

w i t h  any p a r t i c u l a r  t y p e  o f  e p i t h e l i a l - r e t i c u l a r  c e l l .  

i J § § § § i ! l §  c o r p u s c l e s  -

The l i g h t  and e l e c t r o n  m i c r o s c o p i c  e v i d e n c e  p r e s e n t e d  

h e r e  was i n  a g r e e me n t  w i t h  t h e  o b s e r v a t i o n s  o f  o t h e r  

a u t h o r s  wh i ch  l e d  t o  t h e  s u g g e s t i o n  t h a t  H a s s a l l ' s  

c o r p u s c l e s  d e v e l o p e d  as a r e s u l t  o f  t h e  s p e c i f i c  

d i f f e r e n t i a t i o n  o f  some t h y m i c  m e d u l l a r y  e p i  t h e  I i a l -  

r e t i c u l a r  c e l l s  i n t o  k e r a t i n i s i n g  c e l l s  ( Bea r man e t  a l . ,  

1 9 7 8 ;  Chapman 8 A l l e n ,  1 9 7 1 ;  Hwang e t  a l . ,  1 9 7 4 ;  Kameya 8 

W a t a n a b e ,  1 9 6 5 ;  M a n d e l ,  1 9 6 8 b , c ,  1 9 7 0 ;  Tor o  e t  a l . ,  1 9 6 5 ;  

Von G a u d e c k e r  8 S c h ma l e ,  1 9 7 4 ) .

A s p e c t r u m  o f  mo r p h o l o g y  r a n g i n g  f r om H a s s a l l ' s  

c o r p u s c l e s  ( s h o w i n g  i r r e g u l a r  shape and p y k n o s i s  o f  n u c l e i  

and a mar ked i n c r e a s e  o f  t o n o f i  I ament s and v a c u o l e s  i n  t h e  

c y t o p l a s m )  t o  m u l t i l a y e r e d  l a r g e  c o r p u s c l e s  wer e  s e e n .  

A l t h o u g h  t h e  c e n t r a l  e l e m e n t s  o f  c o r p u s c l e s  were  o f t e n  

d i f f i c u l t  t o  i d e n t i f y ,  t h e  g r e a t  m a j o r i t y  o f  c e l l s  i n v o l v e d  

were c l e a r l y  e p i t h e l i a l  i n  n a t u r e ,  as e v i d e n c e d  by an 

a bundance  o f  w e l l  d e v e l o p e d  desmosomes and t o n o f i l a m e n t  

b u n d l e s .  S e c o n d a r y  d e v e l o p m e n t a l  changes  o c c u r ,  h o w e v e r ,  

whi ch m o d i f y  t h e  b a s i c  s t r u c t u r e  o f  t h e  c o r p u s c l e s  ( M a n d e l ,  

1 9 6 8 c ) .  The se  changes  i n c l u d e d  t h e  d e v e l o p me n t  o f  a 

m i c r o v i l l o u s  e p i t h e l i a l  l i n i n g ,  c l e f t - l i k e  spaces  a r ound  

t he  p e r i p h e r y  o f  some H a s s a l l ' s  c o r p u s c l e s ,  and t h e  

o c c a s i o n a l  i n c o r p o r a t i o n  o f  macr ophages  and l y mp h o c y t e s  

w i t h i n  t h e i r  c e n t r a l  c y s t s .  I t  i s  t h e s e  f e a t u r e s  d e r i v e d
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f r om l i g h t  m i c r o s c o p i c a l  e v i d e n c e  t h a t  p r o b a b l y  l ed  t o  t h e  

s u g g e s t i o n  t h a t  t h e  H a s s a l l ' s  c o r p u s c l e s  wer e  d e v e l o p e d  

f r om b l o o d  v e s s e l s  ( J a r o s l o w ,  1 9 6 7 ) .  The c y t o p l a s m i c  

p r o c e s s e s  f r om t h e  o u t e r  c e l l s  o f  t h e  H a s s a l l ' s  c o r p u s c l e s  

t h a t  j o i n e d  t o  c y t o p l a s m i c  p r o c e s s e s  o f  m e d u l l a r y  

e p i t h e l i a l - r e t i c u l a r  c e l l s  and t h e  f i n d i n g s  t h a t  H a s s a l l ' s  

c o r p u s c l e s  wer e  n o t  s u r r o u n d e d  by a ba sement  membrane were  

e v i d e n c e  a g a i n s t  t h e  c o n c e p t  t h a t  H a s s a l l ' s  c o r p u s c l e s  

o r i g i n a t e d  f r om t h i c k  w a l l e d  v e n u l e s .

The s i g n i f i c a n c e  o f  c y s t i c  H a s s a l l ' s  c o r p u s c l e s  i s  

open t o  s p e c u l a t i o n .  The f a c t  t h a t  e x p e r i m e n t a l  l y mp h o c y t e  

d e p l e t i o n  by c o r t i s o n e  r e s u l t s  i n  a g r e a t  i n c r e a s e  i n  t h e  

numbers  o f  c y s t i c  H a s s a l l ' s  c o r p u s c l e s  (Cowan & S o r e n s o n ,  

1 9 6 4 )  p o s s i b l y  s u g g e s t e d  t h a t  some c y s t s  may r e p r e s e n t  

c u r r e n t l y  u n o c c u p i e d  i n t e r s t i c e s  o f  t h e  c y t o r e t i c u l u m ,  

a c c o u n t i n g  f o r  b o t h  i n t r a c e l l u l a r  and i n t e r c e l l u l a r  c y s t s  

( Kohnen & W e i s s ,  1 9 6 4 ) .

The l i n i n g  e p i t h e l i a l - r e t i c u l a r  c e l l s  o f  c y s t i c  

H a s s a l l ' s  c o r p u s c l e s  d i s p l a y e d  m i c r o v i l l i ;  c i l i a  were n e v e r  

o b s e r v e d ,  h e n c e ,  no e v i d e n c e  was seen i n t h e  p r e s e n t  s t u d y  

t o  s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e s e  were  r e mnant s  o f  

t h y mo p h a r y n g e a  I d u c t s  ( S h i e r ,  1 9 6 3 ) .  Ho we v e r ,  t h e  p r e s e n c e  

of  c i l i a t e d  c y s t s  have been r e p o r t e d  i n  t h e  thymus o f  b i r d s  

( K e n d a l l  & F r a z i e r ,  1 9 7 9 ) ,  g u i n e a  p i g s  ( M a n d e l ,  1 9 6 8 )  and 

of  t h e  human f e t u s  ( H i r o k a w a ,  1 9 6 9 ) .  H a s s a l l ' s  c o r p u s c l e s  

at  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  were seen and i t  i s  t h u s  

l i k e l y  t h a t  new c o r p u s c l e s  a r e  f or med c o n s t a n t l y .  The  

d e v e l o p m e n t  o f  c l e f t s  l i n e d  by m i c r o v i l l i  may r e p r e s e n t  t h e
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t e r m i n a l  e v e n t s  i n  a p r o c e s s  o f  d e g e n e r a t i o n  o f  t h e  

c o r p u s c  l e s  -

Some i n v e s t i g a t o r s  have d e s c r i b e d  s e c r e t o r y  g r a n u l e s  

i n  t h e  e p i t h e l i a l - r e t i c u l a r  c e l l s  f o r m i n g  H a s s a l l ' s  

c o r p u s c l e s ,  and p r o p o s e d  t h e s e  as s i t e s  o f  t h y m i c  hormone  

p r o d u c t i o n  ( K a t e r ,  1 9 7 3 ;  Kohnen & W e i s s ,  1 9 6 4 ) .  I n  t h i s  

s t u d y ,  d a r k  d e n s e ,  membr ane - bound g r a n u l e s  s c a t t e r e d  s i n g l y  

o r  i n  s m a l l  g r o u p s  wer e  o c c a s i o n a l l y  o b s e r v e d  i n t h e  

e p i t h e  I i a  I - r e t i c u  I ar  c e l l s  f o r m i n g  H a s s a l l ' s  c o r p u s c l e s  

t h a t  mi g h t  r e s e m b l e  s e c r e t o r y  g r a n u l e s  b u t ,  on t h e  o t h e r  

ha n d ,  t h e y  a l s o  c l o s e l y  r e s e m b l e  t h e  k e r a t o h y a l i n  g r a n u l e s  

as p o i n t e d  o u t  by B l o o d w o r t h  e t  a l .  ( 1 9 7 5 ) .  E v i d e n c e  o f  

g r a n u l e s  e m p t y i n g  i n t o  t h e  lumen o f  c y s t i c  H a s s a l l ' s  

c o r p u s c l e s ,  as r e p o r t e d  by Van H a e l s t  ( 1 9 6 7 ) ,  were  not  seen  

i n  t h i s  s t u d y ,  n o r  was t h e r e  f ound an i n t i m a t e  c o n t a c t  

b e t we e n  H a s s a l l ' s  c o r p u s c l e s  and b l o o d  v e s s e l s ,  as 

d e s c r i b e d  by K a t e r  ( 1 9 7 3 ) .  H o we v e r ,  an e x t e n s i v e  s e a r c h  

f o r  c o n f i r m a t i o n  o f  t h e s e  f i n d i n g s  was not  made.  I f  t h e r e  

i s  a l w a y s  an i n t i m a t e  c o n t a c t  b e t we e n  H a s s a l l ' s  c o r p u s c l e s  

and b l o o d  v e s s e l s ,  t h e n  p e r h a p s  t h e  c o r p u s c l e s  r e p r e s e n t  a 

s i g n i f i c a n t  s e c r e t o r y  mechani sm f o r  humor a l  s u b s t a n c e s  

( K a t e r ,  1 9 7 3 ) .  Ho we v e r ,  t h e  s i g n i f i c a n c e  o f  t h i s  r e ma i n s  

t o  be d e t e r m i n e d .

A f ew i n v e s t i g a t o r s  have shown t h a t  p a r t i c u l a t e  

m a t e r i a l  and a n t i g e n s  p r o m p t l y  r e ac h  t h e  H a s s a l l ' s  

c o r p u s c l e s  ( B l a u ,  1 9 6 7 ;  Chapman & Bopp,  1 9 7 0 ;  K a t e r ,  1 9 7 3 ) .  

H a s s a l l ' s  c o r p u s c l e s  w i t h  l a r g e  numbers o f  g r a n u l a r
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l y m p h o c y t e s  wer e  shown by some a u t h o r s  ( Kohnen & W e i s s ,

1 9 6 4 ;  M a n d e l ,  1 9 6 8 c ;  Von Ga u d e c k e r  & S c h m a l e ,  1 9 7 4 )  who

s u g g e s t e d  t h e  p o s s i b i l i t y  t h a t  t h e s e  s u b s t a n c e s  c o u l d  f i n d  

t h e i r  way i n t o  t h e  c o r p u s c l e s  w i t h i n  t h e  i n f i l t r a t i n g  

l e u c o c y t e s .  H o w e v e r ,  t h i s  o b s e r v a t i o n  was not  c o n f i r m e d  

h e r e .

W h i l e  no p o s i t i v e  e v i d e n c e  f o r  t h e  f u n c t i o n ,  i f  a n y ,  

o f  H a s s a l l ' s  c o r p u s c l e s  was o b t a i n e d  i n t h i s  s t u d y ,  t h e r e  

was l i t t l e  m o r p h o l o g i c a l  e v i d e n c e  t o  s u p p o r t  t h e  s u g g e s t i o n  

t h a t  t h e  c o r p u s c l e s  were  t h e  s i t e  o f  d e g e n e r a t i o n  o f

numer ous  l y mp h o i d  c e l l s  and t h u s  a c t  as a " g r a v e y a r d  f o r  

dead t h y m o c y t e s "  ( Bear man e t  a l . ,  1 9 7 8 ;  B l a u ,  1 9 6 7 ) .

I n d e e d ,  t h e  p r e s e n c e  o f  numerous ma cr opha ges  and p y k n o t i c  

c e l l s  i n  t h e  c o r t e x  and m e d u l l a  s u g g e s t e d  t h a t  r e mo v a l  o f  

l y mp h o i d  c e l l s  most  p r o b a b l y  o c c u r r e d  o u t s i d e  t h e  H a s s a l l ' s  

c o r p u s c l e s .  These  o b s e r v a t i o n s  were  i n  a g r e e me n t  w i t h  

t h o s e  o b t a i n e d  by B l o o d w o r t h  e t  a l .  ( 1 9 7 5 )  i n  t h e  human,  

and Ma nde l  ( 1 9 6 8 c )  f o r  t h e  g u i n e a  p i g  t h y mu s .

M a c r o p h a g e s  -
Ma c r o p h a g e s  were  r e a d i l y  d i s t i n g u i s h e d  f r om  

e p i t h e l i a l - r e t i c u l a r  c e l l s ,  s i n c e  t h e y  l a c k e d  t o n o f i  I ament s  

and desmosomes bu t  c o n t a i n e d  many l y s o s o me s ,  

p h a g o l y s o s o m e s ,  and v e s i c u l a r  i n c l u s i o n s .  The v a r i a t i o n s  

i n t h e  m o r p h o l o g i c a l  a p p e a r a n c e  o f  ma cr ophages  wer e  

i n t e r p r e t e d  as r e f l e c t i n g  t h e  s t a t e  o f  t h e i r  p h a g o c y t i c  

a c t i v i t y  ( Be a r man  e t  a l . ,  1 9 7 8 ) .

Many v a c u o l e s  n e a r  t h e  c e l l  membrane were  p o s s i b l y  

p i n o c y t o t i c .  Us i ng  e l e c t r o n - d e n s e  ma r k e r s  Cohn e t  a l .
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( 1 9 6 6 )  showed a r e g u l a r  f l o w  o f  p i n o c y t o t i c  v e s i c l e s  i n t o  

t h e  c e l l s -  W i t h i n  t h e  c e l l s  t h e r e  were  v a r i a b l e  numbers  o f  

c o a t e d  v e s i c l e s ,  such v e s i c l e s  c o u l d  be a s s o c i a t e d  w i t h  

a b s o r p t i o n  o f  p r o t e i n  i n t o  t h e  c e l l  ( C a r r ,  1 9 7 0 ) .  O t h e r  

u n c o a t e d  v e s i c l e s  w i t h i n  t h e  c e l l s  c o n t a i n e d  m o d e r a t e l y  

e l e c t r o n - d e n s e  m a t e r i a l .  I t  has been s u g g e s t e d  t h a t  t h e s e  

may r e p r e s e n t  s t a g e s  i n  l ysosome s y n t h e s i s  ( C a r r ,  1 9 6 7 ) .  

Dense g r a n u l e s  p r e s e n t  i n  t h e  t h y m i c  macr ophages  wer e  

s i m i l a r  t o  t h o s e  i n  ma cr opha ges  e l s e w h e r e  -  i n  s p l e n i c ,  or  

l ymph node ma cr o p h a g e s  ( C a r r ,  1 9 7 0 ) .  C a r r  ( 1 9 7 0 )  s u g g e s t e d  

t h a t  a t  l e a s t  some o f  t h e s e  g r a n u l e s  were  p r i m a r y  

l y s o s o m e s .  The rough e n d o p l a s m i c  r e t i c u l u m  was o f t e n  

r a t h e r  p r o m i n e n t .  The p r o m i n e n t  G o l g i  a p p a r a t u s  and 

a b u n d a n t  rough e n d o p l a s m i c  r e t i c u l u m  s u g g e s t e d  t h e  

p o s s i b i l i t y  t h a t  t h e s e  c e l l s  c o u l d  be engaged i n  t h e  

s e c r e t i o n  o f  some c e l l  p r o d u c t  ( B e l l e r  & Unanue ,  1 9 7 7 ) .  

The r o l e  o f  macr opha ge s  i n  t h y mi c  f u n c t i o n  i s  s p e c u l a t i v e .  

P h a g o c y t o s i s  may be one o f  t h e  i m p o r t a n t  f u n c t i o n s  o f  

t h y mi c  m a c r o p h a g e s .  T h i s  i s  more e v i d e n t  un d e r  c o n d i t i o n s  

of  s t r e s s  i n  whi ch  t h e r e  i s  s e l e c t i v e  s t e r o i d - m e d i a t e d  

d e s t r u c t i o n  o f  c o r t i c a l  l y mp h o c y t e s  (Cowan & S o r e n s o n ,  

1 9 6 4 ;  I t o  & H o s h i n o ,  1 9 6 6 ) .  I n  t h e  a bse nce  o f  s t r e s s ,  

t h e r e  i s  s t i l l  a r e g u l a r  p h a g o c y t o s i s  o f  some l y mp h o c y t e s  

by ma cr o p h a g e s  ( B l o o d w o r t h  e t  a l . ,  1 9 7 5 ) .  I t  i s  s p e c u l a t e d  

t h a t  t h e s e  ma cr o p h a g e s  may p l a y  a m o n i t o r i n g  r o l e ,  r emov i ng  

t h o s e  l y m p h o c y t e s  t h a t  a r e  programmed a g a i n s t  " s e l f '  

( B l o o d w o r t h  e t  a l . ,  1 9 7 5 ) .  An a s s o c i a t i o n  b e t we e n  m i t o t i c
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l y m p h o c y t e s  and " P A S - c e l l s "  s u g g e s t e d  t o  some a u t h o r s  t h a t  

t h e  r o l e  o f  t h e  macr opha ge  was more t h a n  t h a t  o f  a n o n 

s p e c i f i c  p h a g o c y t e  ( M e t c a l f  & I s h i d a t e ,  1 9 6 2 ) .  These  

c e l l s ,  c a l l e d  " n u r s e  c e l l s "  ( M e t c a l f ,  1 9 6 4 ) ,  wer e  t h o u g h t  

t o  t r i g g e r  o f f  m i t o s i s  i n  n e i g h b o u r i n g  l y m p h o c y t e s .  I t  i s  

known,  h o w e v e r ,  t h a t  i n  any r a p i d l y  p r o l i f e r a t i n g  t i s s u e  a 

number  o f  t h e  c e l l s  p r o d u c e d  a r e  d e f e c t i v e ;  macr ophages  

must  t h e n  move i n  t o  e n g u l f  t h e  d e f e c t i v e  c e l l s ,  t h e  

f r a g m e n t s  o f  wh i ch  f or m P A S - p o s i t i v e  i n c l u s i o n s .  

M a c r o p h a g e s  may t h u s  become a u t o m a t i c a l l y  s u r r o u n d e d  by one  

or  more c e l l s  i n  m i t o s i s  ( M i l l e r  8 Osoba ,  1 9 6 7 ) .  The 

t h y m i c  ma c r opha ge s  may t h u s  be s i m p l y  engaged i n  

p h a g o c y t o s i s  o f  d e f e c t i v e  l y mph o i d  c e l l s .

Ma c r o p h a g e s  a r e  known t o  p l a y  a r o l e  i n  t h e  u p t a k e ,  

l o c a l i s a t i o n  and " p r o c e s s i n g "  o f  a n t i g e n s  ( Sa l ma n  8 

C o r d i n g l e y ,  1 9 8 0 ;  W e i s s ,  1 9 8 3 ) .  Ho we v e r ,  ma cr ophages  a l s o  

a r e  known t o  d e g r a d e  a n t i g e n s  and s o l u b l e  m a c r o m o l e c u l e s  

i n t o  n o n - i m m u n o g e n i c  f or ms  ( F r i e d m a n ,  1 9 7 8 ) .  The p r e s e n c e  

o f  ma cr o p h a g e s  i n  t h e  p a r e n c h y m a ,  o f t e n  a l o n g  b l o o d  v e s s e l s  

as shown h e r e ,  and a l s o  r e p o r t e d  by R a v i o l a  and K a r n o v s k y  

( 1 9 7 2 ) ,  may s u g g e s t  t h a t  t h e s e  c e l l s  p e r h a p s  s e r v e  a 

s i m i l a r  f u n c t i o n  i n  t h e  t h y mu s .

r e t i c u l u m  c e l l s  -

T h e r e  i s  l i t t l e  d i s a g r e e m e n t  about  t h e  e s s e n t i a l  

u l t r a s t r u c t u r a l  f e a t u r e s  o f  an i n t e r d i g i t a t i n g - r e t i c u l u m  

c e l l .  The c e l l s  have been w e l l  d e s c r i b e d  by B e n n e t t  ( 1 9 7 8 )  

and Ol ah e t  a l .  ( 1 9 6 8 ) .  Where l a c k  o f  a c c o r d  e x i s t s ,  i t  i s  

c o n c e r n e d  w i t h  such d e t a i l s  as t h e  amount  o f  e n d o p l a s mi c
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r e t i c u l u m  and t h e  p r e s e n c e  o r  a b s e n c e  o f  p h a g o c y t o s i s  by 

t h e s e  c e l l s .

The p r e s e n t  s t u d y  c o n f i r m e d  t h a t  t h e  i n t e r d i g i t a t i n g -  

r e t i c u l u m  c e l l s  o c c u r r e d  p r e d o m i n e n t l y  i n  t h e  m e d u l l a  

( B e n n e t t ,  1 9 7 8 ;  Ol ah e t  a l . ,  1 9 6 8 ;  Von G a u d e c k e r ,  1 9 7 8 ) .  

C e l l s  w i t h  i d e n t i c a l  mo r p h o l o g y  i n  t h e  c o r t e x  have not  been  

i d e n t i f i e d  h e r e .  The w e l l  d e v e l o p e d  G o l g i  a p p a r a t u s  and 

r ough e n d o p l a s m i c  r e t i c u l u m  f ound i n  t h e  " s p e c i a l  c e l l s "  o f  

Ol ah e t  a l .  ( 1 9 6 8 )  l ed  them t o  s p e c u l a t e  t h a t  t h e s e  c e l l s  

wer e  i n v o l v e d  i n  s e c r e t i o n ,  p e r h a p s  o f  t h y mi c  humor a l  

s u b s t a n c e s .

A l l  p r e v i o u s  w o r k e r s  have comment ed on t h e  l a c k  o f

p h a g o c y t o s i s  by t h e s e  c e l l s .  On t h e  b a s i s  o f  t h e  a b se n c e

o f  any p h a g o c y t o s e d  m a t e r i a l  i n  t h e  c y t o p l a s m  o f  t h e s e  

c e l l s ,  B e n n e t t  ( 1 9 7 8 )  d i s t i n g u i s h e d  them f r om ma c r o p h a g e s .  

H o we v e r ,  Kl ug  and Mager  ( 1 9 7 9 )  d e m o n s t r a t e d  p y k n o t i c  

l y m p h o c y t e s  i n s i d e  i n t e r d i g i t a t i n g  c e l l s  o f  g u i n e a - p i g  

t h y m u s ,  and c o n c l u d e d  t h a t  t h e y  may be c l a s s i f i e d  as a 

s p e c i a l  t y p e  o f  ma c r o p h a g e .  The p r e s e n t  s t u d y ,  h o w e v e r ,  

c o n f i r m e d  t h e  n o t i o n  t h a t  i n t e r d i g i t a t i n g - r e t i c u l u m  c e l l s  

were g e n e r a l l y  not  p h a g o c y t i c  c e l l s .

The known i n f o r m a t i o n  on i n t e r d i g i t a t i n g - r e t i c u l u m  

c e l l s  p r o v i d e s  some i n d i c a t i o n  c o n c e r n i n g  t h e i r  f u n c t i o n .  

The o b s e r v a t i o n  t h a t  t h e s e  c e l l s  o c c u r r e d  e x l u s i v e l y  i n  T -  

c e l l  r e g i o n s  o f  p e r i p h e r a l  l y m p h a t i c  t i s s u e  and i n  t hymus  

( He u s e r ma n n  e t  a l . ,  1 9 7 4 ;  Ve e r ma n ,  1 9 7 4 )  o f f e r s  a s t r o n g

ar gument  i n  f a v o u r  o f  t h e i r  i m p o r t a n c e  as a s p e c i f i c

198



m i c r o e n v i r o n m e n t  f o r  T - c e l l  m a t u r a t i o n  and d i f f e r e n t i a t i o n .  

On t h e  b a s i s  o f  t h e  p r e c i s e  l o c a t i o n  o f  t h e s e  c e l l s  i n  t h e  

t h y m i c  m e d u l l a  and t h e i r  a b se n c e  i n  t h e  c o r t e x ,  K a i s e r l i n g  

e t  a l .  ( 1 9 7 4 )  s u g g e s t e d  t h a t  t h e  f u n c t i o n a l l y  i mma t u r e  

t h y m o c y t e s  de ve  l oped  i n  t h e  t h y m i c  c o r t e x ,  f u r t h e r  

d i f f e r e n t i a t e  i n t o  m a t u r e  t h y m o c y t e s  i n  t h e  m e d u l l a ,  

p e r h a p s  u n d e r  t h e  i n f l u e n c e  o f  i n t e r d i g i t a t i n g - r e t i c u l u m  

c e l l s .

Mast  c e l l s  -

V a r i o u s  i n v e s t i g a t o r s  i n t o  t h y m i c  mo r p h o l o g y  have  

shown t h a t  p r i o r  t o  i n v o l u t i o n  t h e  d i s t r i b u t i o n  o f  mast

c e l l s  i n  t h e  t hymus i s  m a i n l y  e x t r a - l o b u l a r  w i t h  o n l y

o c c a s i o n a l  c e l l s  i n s i d e  t h e  p a r e n c h y m a ,  s i t u a t e d  c l o s e  t o  

b l o o d  v e s s e l s  ( Bea r man e t  a l . ,  1 9 7 8 ;  Hwang e t  a l . ,  1 9 7 4 ;  

W e i s s ,  1 9 8 3 ) .  D u r i n g  i n v o l u t i o n  t h e i r  numbers i n c r e a s e

( S i n g h ,  1 9 8 0 ) .

The p r e s e n t  s t u d y  c o n f i r m e d  t h e  d i s t r i b u t i o n  o f  mast  

c e l l 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  c a p s u l e ,  s e p t a ,  and 

p e r i v a s c u l a r  s p a c e s ,  w i t h  o c c a s i o n a l  c e l l s  s c a t t e r e d  i n  t h e  

pa r e n c h y ma  o f  t h e  r a t  t h y mu s .  The o r i g i n  o f  t h y mi c  mast  

c e l l s  i s  no t  p r e c i s e l y  known.  Su g g e s t e d  s o u r c e s  o f  t h e s e  

c e l l s  have  been mesenchymal  c e l l s ,  f i b r o b l a s t s ,  

l y m p h o c y t e s ,  e p i t h e  I i a  I - r e t i c u  I a r  c e l l s  and p l a s ma  c e l l s  

( B u r n e t ,  1 9 6 5 ;  W e i s s ,  1 9 8 3 ) .  The m a j o r i t y  o f  mast  c e l l s

o b s e r v e d  i n  t h e  p r e s e n t  s t u d y  were  ma t u r e  c e l l s .  

T r a n s f o r m a t i o n  o f  l y mp h o i d  c e l l s  and e p i t h e l i a l  c e l l s  i n t o

mast  c e l l s  was no t  j u d g e d  l i k e l y  as no c e l l  o f  i n t e r m e d i a t e

mo r p h o l o g y  was s e e n .  Ho we v e r ,  t h e  o b s e r v a t i o n  o f  t h e

199



u n u s u a l  mast  c e l l  w i t h  l ong c y t o p l a s m i c  p r o c e s s e s ,  

o v e r l a p p e d  by p r o c e s s e s  o f  a f i b r o b l a s t  i n  t h e  v i c i n i t y  o f  

a b l o o d  v e s s e l  ( F i g .  6 6 ) ,  mi g h t  i n d i c a t e  some k i n d  o f  c l o s e  

c o n n e c t i o n  b e t w e e n  b o t h  c e l l s .

P l a s ma  c e l l s  -

A l t h o u g h  t h e  t hymus i s  s omet i mes  s a i d  t o  l a c k  p l a sma  

c e l l s  ( A z a r e t  a l . ,  1 9 6 3 ) ,  t h e  p r e s e n t  s t u d y  c o n f i r m e d  t h e  

f i n d i n g s  o f  s e v e r a l  w o r k e r s  on human and r o d e n t  t hymus  

g l a n d s  ( Be a r man  e t  a l . ,  1 9 7 8 ;  B i o o d w o r t h  e t  a l . ,  1 9 7 5 ;

G o l d s t e i n ,  1 9 6 6 ;  G o l d s t e i n  8 Ma c k a y ,  1 9 6 9 ;  Hwang e t  a l . ,  

1 9 7 4 ;  S a i n t e - M a r i e ,  1 9 6 5 ;  Van H a e l s t ,  1 9 6 7 ;  Von G a u d e c k e r ,  

1 9 7 8 ) ,  who s u g g e s t e d  t h a t  t h e  o r ga n  c o n t a i n e d  a f ew p l a sma  

c e l l s  l o c a t e d  m a i n l y  i n  t h e  c a p s u l e ,  i n t e r l o b u l a r  s e p t a ,

and a r ound  b l o o d  v e s s e l s  i n  t h e  t h y m i c  p a r e n c h y ma .  Most  

p l a s ma  c e l l s  wer e  ma t u r e  c e l l s ;  i mma t u r e  p l asma  c e l l s  wer e  

r a r e l y  o b s e r v e d .

I t  was no t  p o s s i b l e  t o  a s c e r t a i n  w h e t h e r  t h e s e  p l a sma  

c e l l s  had o r i g i n a t e d  i n  t h e  t h y mu s ,  or  w h e t h e r  t h e y  wer e  

c e l l s  t h a t  had m i g r a t e d  i n t o  t h e  or gan  a f t e r  t h e i r

f o r m a t i o n  e l s e w h e r e .  Ho we v e r ,  s e v e r a l  o b s e r v a t i o n s  t h a t  

s u g g e s t e d  t h e  l a t t e r  p o s s i b i l i t y  wer e :

( i )  t h e i r  p r e s e n c e  m a i n l y  i n  t h e  p e r i v a s c u l a r  spac es

s u r r o u n d i n g  b l o o d  v e s s e l s ,  and i n t h e  c a p s u l e  and

i n t e r l o b u l a r  s e p t a ;

( i i )  a l a r g e  m a j o r i t y  o f  t h e s e  c e l l s  b e i n g  

m o r p h o l o g i c a l l y  ma t u r e  ( l a r g e  o v o i d  c e l l s ,  

e c c e n t r i c a l l y  p l a c e d  n u c l e u s ,  w h e e l - s h a p e d

a p p e a r a n c e  o f  n u c l e a r  c h r o m a t i n ,  p r o g r e s s i v e l y
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d i l a t e d  e n d o p l a s m i c  c i s t e r n a e ) ;  and

( i i i )  t h e  a b s e n c e  o f  g r o u p s  o f  p l a sma  c e l l s  a t  v a r i o u s  

l e v e l s  o f  m a t u r a t i o n  ( p r e s e n c e  o f  such i s l a n d s  wer e  

shown by B u r n e t  and Hol mes ( 1 9 6 4 )  i n  NZB mi ce  

t h y m u s ,  and by K e n d a l l  and F r a z i e r  ( 1 9 7 9 )  i n  t h e  

a v i a n  t h y m u s ) .

A m i g r a t o r y  o r i g i n  o f  p l asma  c e l l s  i n

n o r ma l  r a t  t hymus was s u g g e s t e d  by S a i n t e - M a r i e  ( 1 9 6 5 )  and 

by Hwang e t  a l .  ( 1 9 7 4 ) ,  who p r o p o s e d  t h e  p r e s e n c e  o f  t w o -  

way t r a f f i c  o f  l y m p h o c y t e s  a c r o s s  t h e  w a l l  o f  v e n u l e s  a t  

t h e  c o r t i c o - m e d u l l a r y  j u n c t i o n ;  an o u t w a r d  m i g r a t i o n  o f  T -  

l y m p h o c y t e s  f r om t h e  t h y mu s ,  and an i n f l u x  o f  B - l y m p h o c y t e s  

f r om t h e  b l o o d .  A s i m i l a r  t w o - w a y  t r a f f i c  o f  l y mp h o c y t e s  

has a l s o  been s u g g e s t e d  a c r o s s  t h e  w a l l  o f  p o s t - c a p i l l a r y  

v e n u l e s  o f  r a t  l ymph nodes ( S a i n t e - M a r i e  e t  a l . ,  1 9 8 2 ) .

H o w e v e r ,  G o l d s t e i n  ( 1 9 6 6 )  o b s e r v e d  an i n c r e a s e  i n  t h e  

number s  o f  p l a s ma  c e l l s  i n  t h e  t hymus g l a n d  o f  p a t i e n t s

s u f f e r i n g  f r om v a r i o u s  d i s e a s e s .  A h i gh  p r o p o r t i o n  o f  

i mma t u r e  p l a s ma  c e l l s  i n  e l e c t r o n  m i c r o g r a p h s  t a k e n  f r om  

p a t i e n t s  s u f f e r i n g  f r om c e r t a i n  aut o i mmune  d i s e a s e s  l ed  t o  

t h e  s u g g e s t i o n  t h a t  t h e y  c o u l d  have d e v e l o p e d  ^n s i t u ,  

a l t h o u g h  t h e  p o s s i b i l i t y  o f  t h e i r  m i g r a t i o n  f r om t h e  b l o o d  

s t r e a m  was no t  r u l e d  out  ( G o l d s t e i n ,  1 9 6 6 ) .  P o s s i b l e

t r a n s i t i o n  f o r ms  b e t we e n  l y mp h o i d  c e l l s  and p l a s ma  c e l l s  

were f o u n d  by Van H a e l s t  ( 1 9 6 7 )  i n  t h e  n o r ma l  r a t  t h y mu s .  

E l e c t r o n  m i c r o s c o p i c a l  e v i d e n c e  f o r  such t r a n s f o r m a t i o n  was 

not  s e c u r e d  i n  t h i s  s t u d y .
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E o s i n o p h i l s  -

The o b s e r v a t i o n s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  

i n d i c a t e d  t h a t  some p e r i v a s c u l a r  s pac es  showed  

e o s i n o p o i e t i c  a c t i v i t y .  S c a t t e r e d  e o s i n o p h i l s  wer e  

o c c a s i o n a l l y  seen i n  t h e  t h y m i c  p a r e n c h y m a .  S i n  and S a i n t e -  

M a r i e  ( 1 9 6 5 )  r e p o r t e d  t h a t ,  i n  t h e  r a t  t h y m u s ,

g r a n u l o p o i e t i c  i s l a n d s  ( i n d e p e n d e n t  i s l a n d s  showi ng

e o s i n o p h i l  and n e u t r o p h i l  d e v e l o p m e n t )  o c c u r r e d  i n  t h e  

p e r i p h e r a l  c o r t e x ,  c o r t i c o - m e d u 1 1  a r y  r e g i o n s  and i n  t h e  

m e d u l l a .  H o w e v e r ,  t h e y  s p e c i f i c a l l y  me n t i o n e d  t h e  

a s s o c i a t i o n  o f  g r a n u l o p o i e s i s  w i t h  t h e  p e r i v a s c u l a r  s p a c e s .  

T h i s  has a l s o  been o b s e r v e d  i n  t h e  human t hymus ( Bear man e t  

a l . ,  1 9 7 8 ;  Von G a u d e c k e r ,  1 9 7 8 ) .  I t  seems l i k e l y  t h a t  t h e  

p e r i v a s c u l a r  s paces  may be s i t e s  a t  whi ch t h e  t h y mi c  

l y mp h o i d  c e l l s  a r e  f i r s t  expose d  t o  c i r c u l a t i n g  a n t i g e n s  

( C l a r k ,  1 9 7 3 ) ,  and i n  r e s p o n s e  t o  a n t i g e n i c  c h a l l e n g e ,  may 

m o d u l a t e  e o s i n o p o i e s i s  ( M c G a r r y  e t  a l . ,  1 9 7 1 ) .

The mai n f u n c t i o n  o f  e o s i n o p h i l s  i n  t h e  t h y mu s ,  as 

e l s e w h e r e  i n  o t h e r  t i s s u e s ,  i s  not  c l e a r .  T h e r e  i s  

s u f f i c i e n t  e x p e r i m e n t a l  e v i d e n c e  t h a t  t h e  e o s i n o p h i l s  

p h a g o c y t o s e  a n t i g e n - a n t i b o d y  compl ex  ( L i t t ,  1 9 6 4 ) .  A r c h e r  

and J a c k a s  ( 1 9 6 5 )  have p r o v i d e d  e v i d e n c e  t h a t  t h e  

e o s i n o p h i l  g r a n u l e s  c o n t a i n  a p o t e n t  mast  c e l l  

d e g r a n u l a t i n g  and h i s t a m i n e - r e l e a s i n g  a g e n t  n a m e l y ,

e o s i n o p h i  l - p e r o x i d a s e .
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B . I HYMI C BLOOD VESSELS

I n  b o t h  humans and e x p e r i m e n t a l  a n i m a l s ,  t h e  b l o o d  

v e s s e l s  o f  t h e  t h y mu s ,  t h e i r  p e r m e a b i l i t y ,  and t h e  b l o o d -  

t hymus b a r r i e r  have been e x t e n s i v e l y  s t u d i e d -  I t  has been  

s u g g e s t e d  t h a t  t h e  c a p i l l a r i e s  i n  t h e  t h y m i c  c o r t e x  a r e  

l a r g e l y  i m p e r m e a b l e  t o  t h e  c i r c u l a t i n g  m a c r o m o l e c u l e s

w h i l s t  t h e  v e i n s  p r e s e n t  i n  t h e  m e d u l l a  do not  i mpede t h e  

p a s s a g e  o f  m a c r o 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 a l  w a l l s  ( Abe  

& I t o ,  1 9 7 4 ;  Bearman e t  a l . ,  1 9 7 5 ;  B l a nc  e t  a l - ,  1 9 7 3 ;  

C l a r k ,  1 9 6 4 ;  R a v i o l a  8 K a r n o v s k y ,  1 9 7 2 ;  W e i s s ,  1 9 6 3 ) .  

Ar ound t h e  t h y m i c  v e s s e l s ,  p e r i v a s c u l a r  spaces  have been  

d e s c r i b e d  and i t  has been s u g g e s t e d  t h a t  t h e s e  spaces  c o u l d  

c h a n n e l  l y m p h o c y t e s  i n t o  p o s t - c a p i l l a r y  v e n u l e s  ( Bea r man e t  

a l . ,  1 9 7 5 ;  K o s t o w i e c k i ,  1 9 6 7 ;  S a i n t e - M a r i e  8 L e b l o n d ,  

1 9 6 4 ) .  The o u t e r  l i m i t  o f  t h e  p e r i v a s c u l a r  space  f or me d  by  

t h e  e p i t h e l i a l - r e t i c u l a r  c e l l s  and t h e i r  b a s a l  l a m i n a  has 

been c l a i m e d  t o  f o r m a b a r r i e r  a g a i n s t  t h e  p a s s a g e  o f  

c i r c u l a t i n g  m a c r o m o l e c u l e s  i n t o  t h e  t h y mi c  pa r enc hy ma  

( C l a r k ,  1 9 6 3 ) .  The o b s e r v a t i o n s  o f  t h e  p r e s e n t  s t u d y

r e g a r d i n g  t h e  b l o o d  v e s s e l s  w i l l  t h e r e f o r e  be d i s c u s s e d  

w i t h  r e s p e c t  t o  t h e i r  u l t r a s t r u c t u r e  and t h e i r  r e l a t i o n s h i p  

w i t h  t h e  t h y m i c  p a r e n c h y m a .

I n  a g r e e me n t  w i t h  s e v e r a l  o b s e r v a t i o n s  on v a r i o u s  

s p e c i e s  ( Abe  8 I t o ,  1 9 7 4 ;  C l a r k ,  1 9 6 4 ;  I t o  8 H o s h i n o ,  1 9 6 6 ;  

R a v i o l a  8 K a r n o v s k y ,  1 9 7 2 ;  Smi t h  e t  a l . ,  1 9 3 9 ;  W e i s s ,  1 9 6 3 )  

i n c l u d i n g  human ( B l a n c  e t  a l . ,  1 9 7 3 ) ,  t h e  p r e s e n t  s t u d y

showed t h a t  t h e  m a j o r i t y  o f  v e s s e l s  i n  t h e  t h y mi c  c o r t e x
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wer e  c a p i l l a r i e s ,  u n l i k e  t h e  m e d u l l a ,  wh i ch  c o n t a i n e d  

a r t e r i o l e s  and v e n u l e s  as w e l l  as c a p i l l a r i e s .  The  

u l t r a s t r u c t u r e  o f  t h e  b l o o d  c a p i l l a r i e s  showed t h e  same 

f e a t u r e s  as a r e  known f o r  mammal i an b l o o d  c a p i l l a r i e s  

( K a r n o v s k y ,  1 9 6 7 ;  P a l a d e ,  1 9 5 3 ;  S i mi o n e c u  & S i m i o n e c u ,  

1 9 8 3 )  and a g r e e d  w i t h  t h e  f i n d i n g s  o f  I t o  and Ho s h i n o  

( 1 9 6 6 ) .  E n d o t h e l i a l  c e l l s  c o n t a i n e d  p i n o c y t o t i c  v e s i c l e s ,  

t h a t  wer e  numer ous  a l o n g  t h e  a b l u m i n a l  c y t o p l a s m i c  b o r d e r  

( Van H a e l s t ,  1 9 6 7 ) .  C y t o p l a s m i c  d e n s i t i e s  t h a t  o c c u r r e d  at  

t h e  e n d o t h e l i a l  c e l l  a p p o s i t i o n  have been r e f e r r e d  t o  as 

a t t a c h m e n t  b e l t s  ( B e n n e t t ,  1 9 5 6 ) ,  and wer e  s i m i l a r  t o  t h o s e  

p r e s e n t  i n  t h e  c a p i l l a r i e s  o f  t h e  mouse t hymus ( R a v i o l a  8 

K a r n o v s k y ,  1 9 7 2 ) .  M o r p h o l o g i c a l  e v i d e n c e  f o r  t h e  p r e s e n c e  

o f  c a r b o n  p a r t i c l e s  i n  t h e  p i n o c y t i c  v e s i c l e s ,  a f t e r  

i n t r a v e n o u s  i n j e c t i o n  o f  i n k ,  as shown i n  t h e  p r e s e n t  

s t u d y ,  and t h e  e v i d e n c e  o f  a c c u m u l a t i o n  o f  some 

u l t r a s t r u c t u r a l  t r a c e r s  a f t e r  i n t r a v e n o u s  i n j e c t i o n  ( Abe 8 

I t o ,  1 9 7 4 ;  R a v i o l a  8 K a r n o v s k y ,  1 9 7 2 )  s u g g e s t e d  t h a t  t h e  

p i n o c y t i c  v e s i c l e s  wer e  t o  some e x t e n t ,  engaged i n  t a k i n g  

up c i r c u l a t i n g  macromo I ecu I a r  e l e m e n t s .

The u I t r a s t r u e t u r e  o f  v e n u l e s  p r e s e n t  i n t h e  m e d u l l a  

c o r r e s p o n d  i n  g e n e r a l  t o  t h e  f i n d i n g s  o f  I t o  and Ho s h i n o  

( 1 9 6 6 )  who s t u d i e d  t h e  b l o o d  v e s s e l s  o f  t h e  mouse t h y mu s .  

The l a r g e  numbers  o f  p i n o c y t o t i c  v e s i c l e s ,  l a r g e  

c y t o p l a s m i c  v a c u o l e s  and a t  t i m e s  d i l a t e d  i n t e r c e l l u l a r  

c l e f t s  b e t w e e n  t h e  e n d o t h e l i a l  c e l l s  o f  t h y mi c  v e n u l e s ,  as 

seen i n  t h i s  s t u d y ,  mi g h t  s u g g e s t  t h a t  t h e  e n d o t h e l i u m  o f  

t h y mi c  v e n u l e s  do no t  f or m a b a r r i e r  a g a i n s t  t h e  pa s s a g e  o f
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c i r c u l a t i n g  m a c r o m o l e c u l e s  i n t o  t h e  m e d u l l a r y  p a r enc hy ma  -  

an o b s e r v a t i o n  g r e a t l y  e mp h a s i s e d  by R a v i o l a  and K a r n o v s k y  

( 1 9 7 2 ) .  I n  t h e  p r e s e n t  s t u d y ,  a l i m i t e d  v e s i c u l a r  

t r a n s p o r t  o f  c a r b o n  p a r t i c l e s  o c c u r r e d  t h r o u g h  t h e  v e n u l a r  

e n d o t h e l i u m ,  b u t  t h e  v a s c u l a r  a d v e n t i t i a  and t h y m i c  

p a r e n c h y ma  wer e  f r e e  o f  c a r b o n ,  even at  l ong t i m e  i n t e r v a l s  

a f t e r  t h e  i n t r a v e n o u s  i n j e c t i o n .  T h i s  i s  p r o b a b l y  due t o  

t h e  l a r g e  s i z e  o f  c a r b o n  p a r t i c l e s .  The v e n u l e s  o f  r a t  

t hymus wer e  s l i g h t l y  d i f f e r e n t  i n  t h e i r  u l t r a s t r u c t u r e  f r om  

t h e  p o s t - c a p i l l a r y  v e n u l e s  d e s c r i b e d  i n  t h e  t hymus g l a n d s  

o f  some e x p e r i m e n t a l  a n i m a l s  ( C l a r k ,  1 9 6 3 ;  R a v i o l a  8 

K a r n o v s k y ,  1 9 7 2 )  and i n  human ( G o l d s t e i n  8 Mack a y ,  1 9 6 9 ;  

P i n k e l ,  1 9 6 8 ) .  They had an o r d i n a r y ,  r a t h e r  t h a n  a h i g h ,  

e n d o t h e l i a l  w a l l ;  and t h e i r  e n d o t h e l i u m  was r e g u l a r l y  

i n f i l t r a t e d  by l y m p h o c y t e s .  The l a c k  o f  t y p i c a l  h i g h  

e n d o t h e l i a l  w a l l s  i n  t h e  n o r ma l  t h y mi c  v e n u l e s  was a l s o  

n o t e d  by S o d e r s t r o m  e t  a l .  ( 1 9 7 0 )  and Abe and I t o  ( 1 9 7 4 ) .  

These  a u t h o r s  a l s o  f ound  t h a t  t h e  " o r d i n a r y "  o r  " t h i n "  

w a l l e d  t h y m i c  v e n u l e s  and s m a l l  a r t e r i o l e s  were f r e q u e n t l y  

i n f i l t r a t e d  w i t h  l y m p h o c y t e s .  T h u s ,  a l t h o u g h  t h e  t h y m i c  

p o s t - c a p i l l a r y  v e n u l e s  d i f f e r e d  i n  mo r p h o l o g y  f r om t h e  

t y p i c a l  h i g h  e n d o t h e l i a l  p o s t - c a p i l l a r y  v e n u l e s  f ound  

e l s e w h e r e  i n  l y m p h a t i c  t i s s u e s  ( W e i s s ,  1 9 8 3 ) ,  t h e s e  s t i l l  

r e t a i n e d  a t  l e a s t  t h e  c h a r a c t e r i s t i c s  o f  d i a p e d e s i s  o f  

l y m p h o c y t e s  a c r o s s  t h e  e n d o t h e l i a l  w a l l  ( S o d e r s t r o m  e t  a l . ,  

1 9 7 0 )  and c o u l d  be c o n s i d e r e d  a n a l o g o u s  t o  t h e  h i gh  

e n d o t h e l i a l  p o s t - c a p i l l a r y  v e n u l e s  o f  l ymph nodes ( S a i n t e -
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M a r i e  & L e b l o n d ,  1 9 6 4 ) .  The p r e s e n t  f i n d i n g s ,  and t h o s e  o f  

S o d e r s t r o m  e t  a l .  ( 1 9 7 0 )  and S a i n t e - M a r i e  and L e b l o n d  

( 1 9 6 4 ) ,  wer e  i n  c o n t r a s t  t o  t h o s e  o b t a i n e d  by Bearman e t  

a l .  ( 1 9 7 5 ) ,  Kameya and Wat anabe  ( 1 9 6 5 )  and Von Ga u d e c k e r  

( 1 9 7 8 ) ,  who d i d  no t  o b s e r v e  u l t r a s t r u c t u r a l  e v i d e n c e  o f  

l y m p h o c y t e  m i g r a t i o n  a c r o s s  a v e s s e l  w a l l  i n  t h e  n o r ma l  

human m a t e r i a l .  I n  t h i s  s t u d y ,  d i a p e d e s i s  o f  l y mp h o c y t e s  

a c r o s s  t h e  v a s c u l a r  w a l l  was o b s e r v e d ,  as a l s o  s u g g e s t e d  by

Hwang e t  a l .  ( 1 9 7 4 ) ,  R a v i o l a  and K a r n o v s k y  ( 1 9 7 2 )  and

S a i n t e - M a r i e  and L e b l o n d  ( 1 9 6 4 ) .

I n  most  a c c o u n t s  o f  t h e  u l t r a s t r u c t u r e  o f  t h e  t hymus  

g l a n d ,  i t  i s  g e n e r a l l y  s t a t e d  t h a t  t h e  e n d o t h e l i a l  c e l l s  o f  

t h e  t h y m i c  v e s s e l s  do not  show p o r e s  o r  f e n e s t r a t i o n s  

( Be a r man  e t  a l . ,  1 9 7 5 ;  C l a r k ,  1 9 6 3 ;  Hwang e t  a l . ,  1 9 7 4 ;  

Kameya & W a t a n a b e ,  1 9 6 5 ;  W e i s s ,  1 9 6 3 ) .  Ho we v e r ,  t h e  

p r e s e n c e  o f  f e n e s t r a t e d  c a p i l l a r i e s  i n  t h e  t h y m i c

p a r e n c h y m a ,  was f i r s t  d e s c r i b e d  by K r a ma r s k y  e t  a l .  ( 1 9 6 7 )  

i n  t h e  t hymus g l a n d  o f  t h e  mouse and i t s  p r e s e n c e  was used  

as an a r g u me n t  a g a i n s t  t h e  e x i s t e n c e  o f  a b l o o d - t h y m u s  

b a r r i e r .  The s u b s e q u e n t  o b s e r v a t i o n s  o f  R a v i o l a  and

K a r n o v s k y  ( 1 9 7 2 )  t h a t  t h e  f e n e s t r a t e d  c a p i l l a r i e s  o c c u r r e d  

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 n l y  e x c e p t i o n a l l y  

i n t h e  o u t e r m o s t  r e g i o n s  o f  t h e  t h y mi c  c o r t e x  l ed  t o  t h e  

s u g g e s t i o n  t h a t  t h e s e  d i d  not  r e p r e s e n t  a s i g n i f i c a n t  l e a k  

i n t h e  v a s c u l a r  t r e e ,  a t  l e a s t  f o r  ma c r o m o l e c u l e s  s i n c e  

t h e y  wer e  s c a r c e l y  p e r m e a b l e  t o  p e r o x i d a s e .  H o we v e r ,  

R a v i o l a  and K a r n o v s k y  ( 1 9 7 2 )  s u g g e s t e d  t h a t  t h i s  p a r t i c u l a r  

f i n d i n g  c o u l d  be r e l a t e d  t o  t h e  d e v e l o p me n t  o f  a d i p o s e
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t i s s u e  d u r i n g  t h y mi c  i n v o l u t i o n -  A r e l a t i o n s h i p  t o  t h e  

e n d o c r i n e  f u n c t i o n  o f  t h e  t hymus was r u l e d  ou t  as t h e s e  

a u t h o r s  f o u n d  t h a t  t h e  f e n e s t r a t e d  c a p i l l a r i e s  wer e

commonl y l o c a t e d  o u t s i d e  t h e  p a r e n c h y m a .  H o we v e r ,  S i ngh

( 1 9 8 1 )  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  f e n e s t r a t e d  c a p i l l a r i e s  

i n  t h e  pa r e n c h y ma  o f  human t h y mu s .  S i n c e  t h e  t hymus i s  

r e g a r d e d  as an e n d o c r i n e  g l a n d  ( D a r d e n n e  8 Ba c h ,  1 9 8 1 ) ,  i n  

whi ch  a t h y m i c  hormone o f  low m o l e c u l a r  w e i g h t  ( G o l d s t e i n ,  

197 5)  i s  r e l e a s e d  i n t o  t h e  c i r c u l a t i o n  i n  a p p r e c i a b l e  

amount s ;  t h e  p r e s e n c e  o f  t h e s e  f e n e s t r a t e d  c a p i l l a r i e s  i n  

t h e  t h y m i c  p a r e nc hy ma  were  used by Si ngh ( 1 9 8 1 )  as a 

c i r c u m s t a n t i a l  m o r p h o l o g i c a l  e v i d e n c e  t o  s u p p o r t  t h e  

e n d o c r i n e  f u n c t i o n  o f  t h e  t hymus g l a n d .  The p r e s e n t  

s t u d y ,  h o w e v e r ,  d i d  not  c o n f i r m  t h e  p r e s e n c e  o f  any 

f e n e s t r a t e d  c a p i l l a r i e s  i n  t h e  v a s c u l a r  t r e e  o f  t h e  r a t  

t  hymus .

T h i s  s t u d y  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 o n n e c t i v e  

t i s s u e  p e r i v a s c u l a r  space  ar ound t h y mi c  v e s s e l s  t h a t

s e p a r a t e d  t h e  v e s s e l s  f r om t h e  t h y mi c  p a r e n c h y ma .  The  

p r e s e n c e  o f  a c o n n e c t i v e  t i s s u e  space s e p a r a t i n g  t h e  t h y m i c  

v a s c u l a t u r e  f r om t h e  pa r enc hyma  has r e s u l t e d  i n  t h e  space  

b e i n g  r e f e r r e d  t o  as a s e p a r a t e  " c o mp a r t me n t "  o f  t h e  t hymus  

( C l a r k ,  1 9 7 3 ) .  Ho we v e r ,  t h e  e mbr y on i c  o r i g i n  o f  t h i s  

" c o m p a r t m e n t "  i s  u n c e r t a i n .  K o s t o w e c k i  ( 1 9 6 7 )  s t a t e d  t h a t  

t h e  p e r i v a s c u l a r  space  was f or med by t h e  e n v e l o p me n t  o f  a 

v e s s e l  and a p o r t i o n  o f  i t s  s u r r o u n d i n g  mesenchyme by t h e  

g r o wi n g  t hymus and was i n  f a c t ,  e x t r a - p a r e n c h y m a l .  F u r t h e r
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e v i d e n c e  f o r  t h e  mesenchymal  n a t u r e  o f  t h e  p e r i v a s c u l a r  

s p a c e  was p r o v i d e d  by P e r i e r a  and C l e r m o n t  ( 1 9 7 1 )  i n  t h e

mouse and Von Ga u d e c k e r  ( 1 9 7 7 )  i n  t h e  human t hymus g l a n d s .

T h e se  a u t h o r s  d e m o n s t r a t e d  c o n t i n u i t y  b e t we e n  t h e  

p e r i v a s c u l a r  s pace s  and t h e  e x t r a t h y m i c  c o n n e c t i v e  t i s s u e .

S e v e r a l  s t u d i e s  ( Be a r man e t  a l . ,  1 9 7 5 ;  B l o o d w o r t h  e t  

a l . ,  1 9 7 5 ;  C l a r k ,  1 9 6 3 ;  L u n d i n  & S c h e l i n ,  1 9 6 5 ;  Van H a e l s t ,  

1 9 6 7 )  have  d e m o n s t r a t e d  t h a t  two s e p a r a t e  b a s a l  l a m i n a e

bound t h i s  p e r i v a s c u l a r  space  and a r e  each u n i n t e r r u p t e d .

T h i s  was c o n s i d e r e d  t o  be t h e  m o r p h o l o g i c a l  e v i d e n c e  o f  t h e  

p r e s e n c e  o f  a b l o o d - t h y m u s  b a r r i e r ,  p r o p o s e d  by M a r s h a l l  

and W h i t e  ( 1 9 6 1 ) .

The p r e s e n t  s t u d y  showed t h a t  w h i l s t  most  c o r t i c a l  

c a p i l l a r i e s  and some m e d u l l a r y  v e s s e l s  had a p e r i v a s c u l a r  

s pac e  b o r d e r e d  by a c o m p l e t e  l a y e r  o f  e p i t h e l i a l - r e t i c u l a r  

c e l l s  and t h e i r  b a s a l  l a m i n a e ,  o t h e r s  showed f r e q u e n t  

i n t e r r u p t i o n s  o f  t h e  e p i t h e  I i a  I - r e t i c u I  a r  c e l l  l a y e r ,  

p a r t i c u l a r l y  i n  t h e  m e d u l l a .  Such d i s c o n t i n u i t i e s  o f  t h e  

e p i t h e l i a l - r e t i c u l a r  c e l l  l a y e r  a r ound t h y mi c  v e s s e l s  wer e  

o b s e r v e d  i n  a v a r i e t y  o f  e x p e r i m e n t a l  a n i m a l s  (Hwang e t  

a l . ,  1 9 7 4 ;  I t o  8 H o s h i n o ,  1 9 6 6 ;  Van H a e l s t ,  1 9 6 7 )  and i n  

humans ( Von G a u d e c k e r ,  1 9 7 8 ) .  Ly mphocyt es  and macr ophages  

l a y  i n  d i r e c t  c o n t a c t  w i t h  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  s pac e  ( R a v i o l a  8 K a r n o v s k y ,  1 9 7 2 ;  Van H a e l s t ,  1 9 6 7 ) .  

M o r e o v e r ,  e r y t h r o c y t e s  were  o f t e n  seen i n  t h e  v i c i n i t y  o f  

some b l o o d  v e s s e l s  o r  a t  a s h o r t  d i s t a n c e  b e t we e n  t h y mi c  

l y m p h o c y t e s  ( Van H a e l s t ,  1 9 6 7 ) .  C o n s e q u e n t l y ,  i t  i s  c l e a r  

t h a t  t h e  b l o o d - t h y m u s  b a r r i e r  i s  not  a c o m p l e t e
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a n a t o m i c a l l y  d e f i n e d  s t r u c t u r e .  F u r t h e r m o r e ,  s i n c e  i t  has 

been shown t h a t  t h e  e p i t h e  I i a  I - r e t i c u I  a r  c e l l s  and t h e i r  

b a s a l  l a m i n a e  i mp e d e ,  b u t  do not  f o r m an a b s o l u t e  b a r r i e r  

t o  t h e  p e n e t r a t i o n  o f  a n t i g e n s  ( C l a r k ,  1 9 6 4 ;  K o u v a l a i n e n  & 

G i t l i n ,  1 9 6 7 )  or  u 1 1 r a s t r u c t u r a  I t r a c e r s  ( Abe & I t o ,  1 9 7 4 ;  

Chapman & Bopp,  1 9 7 0 ;  R a v i o l a  & K a r n o v s k y ,  1 9 7 2 )  i t  seems  

d o u b t f u l  t h a t  much f u n c t i o n a l  s i g n i f i c a n c e  can be a s c r i b e d  

t o  t h e  h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e  b l o o d - t h y m u s  b a r r i e r .

The f u n c t i o n ,  i f  a n y ,  of  t h e  p e r i v a s c u l a r  space i s  

unknown.  I t  has been p r o p o s e d  t h a t  t h e  s t r u c t u r e s  

s e p a r a t i n g  t h e  v a s c u l a r  l umen f r om t h e  par enchyma  f u n c t i o n  

as a b l o o d - t h y m u s  b a r r i e r  s i m i l a r  t o  t h e  b l o o d - b r a i n  

b a r r i e r  ( Kameya S W a t a n a b e ,  196 5 ) .  H o we v e r ,  t h e  p r e s e n t  

s t u d y ,  and o t h e r  s i m i l a r  s t u d i e s  i n  r a t s  (Hwang e t  a l . ,  

1 9 7 4 ;  Van H a e l s t ,  1 9 6 7 )  and i n  mi ce  ( I t o  & H o s h i n o ,  1 9 6 6 ) ,  

d e m o n s t r a t e d  t h a t  t h e  ha emot hymi c  b a r r i e r  i s  s t r u c t u r a l l y  

i n c o m p l e t e ,  due t o  a p p a r e n t  i n t e r r u p t i o n s  i n  t h e  e p i t h e l i a l  

c e l l  b a s a l  l a m i n a .  T h i s  was f u r t h e r  c o n f i r m e d  by t h e  

v a r i a b l e  p e r m e a b i l i t y  o f  t h e  t h y mi c  v a s c u l a t u r e  t o  v a r i o u s  

u l t r a s t r u c t u r a l  t r a c e r s  d e p e n d i n g  on t h e  v e s s e l  s i z e  and 

l o c a t i o n ,  and t h e  m o l e c u l a r  w e i g h t  of  t h e  t r a c e r  p a r t i c l e s  

( R a v i o l a  & K a r n o v s k y ,  1 9 7 2 ) .  The e n d o t h e l i u m  of  t h e

c o r t i c a l  c a p i l l a r i e s  was e s s e n t i a l l y  i mp e r me a b l e  t o  

p a r t i c u l a t e  m a t e r i a l ,  w h i l e  t h a t  of  t h e  v e n u l e s  i n  t h e  

m e d u l l a  and c o r t i c o - m e d u l l a r y  j u n c t i o n  was p e r m e a b l e

( R a v i o l a  & K a r n o v s k y ,  1 9 7 2 ) .

I t  i s  w e l l  e s t a b l i s h e d  t h a t  t h e  t hymus p r o d u c e s  a

l a r g e  number  o f  s m a l l  l y mp h o c y t e s  ( K i n d r e d ,  1 9 4 0 ;  S a i n t e -
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M a r i e  S L e b l o n d ,  1 9 5 8 ,  1 9 6 4 ;  We i ss ma n ,  1 9 6 7 ;  Y o f f e y  e t  a l . ,  

1 9 6 1 ) ;  and t h a t  t h e y  l e a v e  t h e  o r g a n  by e n t e r i n g  i t s  b l o o d  

v e s s e l s  ( C l a r k ,  1 9 6 3 ;  Tor o  & O l a h ,  1 9 6 7 )  and l y m p h a t i c s

( K o t a n i  e t  a l . ,  1 9 6 6 ,  1 9 6 7 ) .  I t  has been s u g g e s t e d  by

Bearman e t  a l .  ( 1 9 7 5 )  and by S a i n t e - M a r i e  and L e b l o n d

( 1 9 5 8 )  t h a t  p e r i v a s c u l a r  c h a n n e l s  c o u l d  f u n c t i o n  as t h e  

f i n a l  p a t h wa y  f o r  t h e  m i g r a t i o n  of  ma t u r e  l y m p h o c y t e s  f r om  

t h e  t h y mu s .  The l i g h t  m i c r o s c o p i c  and u l t r a s t r u c t u r a l  

o b s e r v a t i o n s  o f  t h e  p r e s e n t  s t u d y  p r o v i d e  f u r t h e r  e v i d e n c e  

i n  s u p p o r t  o f  t h e  i d e a  t h a t  t h e  p e r i v a s c u l a r  spaces  a c t  as 

p a r t  o f  t h e  p a t h wa y  f o r  e m i g r a t i o n  o f  s m a l l  and m a t u r e  

l y m p h o c y t e s  l e a d i n g  t o  b o t h  v a s c u l a r  and l y m p h a t i c  r o u t e s  

( d i  s c u s s e d  l a t e r ) .

A l s o ,  t h e  p e r i v a s c u l a r  space  may be t h e  s i t e  a t  wh i c h

l y m p h o c y t e s  a r e  f i r s t  e xpos e d  t o  c i r c u l a t i n g  a n t i g e n

( C l a r k ,  1 9 7 3 ) .  N o r m a l l y  t h e  t hymus g l a n d  does not  c o n t a i n

any l y mp h o i d  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 ,  s i m i l a r  t o

t h o s e  o b s e r v e d  i n  l ymph nodes ( Y o f f e y  & Co u r t  i c e ,  1 9 7 0 ) .

H o w e v e r ,  u n d e r  c e r t a i n  e x p e r i m e n t a l  and p a t h o l o g i c a l

c o n d i t i o n s ,  g e r m i n a l  c e n t r e s  have been o b s e r v e d  i n  t h e

t h y m i c  m e d u l l a  o f  d i f f e r e n t  a n i m a l s  (Abe & I t o ,  1 9 7 0 ;

K o t a n i  e t  a l . ,  1 9 6 7 ;  M a r s h a l l  & W h i t e ,  1 9 6 1 ) .  T h i s  mi g h t

s u g g e s t  t h a t  t h e  m e d u l l a  i s  i m m u n o l o g i c a I l y  a b l e  t o  r e s pond

t o  a n t i g e n s ,  a l t h o u g h  t h e  mechani sm of  t h e  f o r m a t i o n  of

t h o s e  g e r m i n a l  c e n t r e s  r e ma i n s  unknown.  No t y p i c a l

g e r m i n a l  c e n t r e s  ( w i t h  t i n g i b l e  body macr ophage s  and
*

m i t o t i c  f i g u r e s )  wer e  o b s e r v e d  i n  t h e  p r e s e n t  study' \ i  o f
Hi

nor ma l  r a t  t h y mu s .  Ho we v e r ,  c o l l e c t i o n s  o f  p a r e n c h y ma t o u s
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Ly mphoc y t e s  and f o a m y - l i k e  ma c r o p h a g e s ,  c o n t a i n i n g  

d e g e n e r a t i n g  Lymphoi d c e l l s ,  and e n c l o s e d  by a p r o m i n e n t  

e p i t h e l i a l  b a s a l  l a m i n a ,  wer e  o b s e r v e d  on two o c c a s i o n s  

( F i g .  8 8 ) .  The l a c k  of  immune r e s p o n s i v e n e s s  o f  t h e  

t h y mu s ,  p a r t i c u l a r l y  o f  t h e  m e d u l l a  i n  wh i c h  t h e  b l o o d  

t hymus b a r r i e r  i s  d i s c o n t i n u o u s  may be b e ca us e  t h y m i c  

l y m p h o c y t e s  a r e  l e s s  r e s p o n s i v e  t o  a n t i g e n s  t h a n  a r e  

l y m p h o c y t e s  i n  p e r i p h e r a l  l y mp h o i d  t i s s u e s  ( W e i s s ,  1 9 6 3 ) .

F i n a l l y ,  t h e  p e r i v a s c u l a r  space c o u l d  be o f  

d i a g n o s t i c  v a l u e  i n  t h y m i c  d i s e a s e s ,  as i n  t hymomas,  i n  

wh i c h  i t  f r e q u e n t l y  becomes d i l a t e d  and c o n t a i n s  l a r g e  

amount s  o f  p l a sma  and r ed b l o o d  c e l l s ,  i n  a d d i t i o n  t o  t h e  

c e l l s  n o r m a l l y  p r e s e n t  ( R o s a i  & L e v i n e ,  1 9 7 6 ) .
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C. I HYMI C LYMPHATIC VESSELS

The g e n e r a l  c o nse ns us  i s  t h a t  l y m p h a t i c  v e s s e l s  o f  

t h e  mammal i an  t hymus g l a n d ,  i n c l u d i n g  man,  a r e  c o n f i n e d  t o  

t h e  i n t e r l o b u l a r  c o n n e c t i v e  t i s s u e  s e p t a  and t h e  c a p s u l e ,  

and t h a t  t h e  par enchy ma  c o n t a i n s  few or  no l y m p h a t i c s  

( G o l d s t e i n  & Ma c k a y ,  1 9 6 9 ;  H a r r i s  & T e m p l e t o n ,  1 9 6 8 ;  Kameya  

& W a t a n a b e ,  1 9 6 5 ;  K o b a y a s h i  e t  a l . ,  1 9 6 4 ;  K o t a n i  e t  a l . ,

1 9 6 7 ;  Rosa i  & L e v i n e ,  1 9 7 6 ;  S m i t h ,  1 9 5 5 ) .  Ho we v e r ,  i t  has 

r e c e n t l y  been r e p o r t e d  t h a t  t h e  t h y mi c  m e d u l l a  of  man 

( S i n g h ,  1 9 8 0 ;  W e i s s ,  1 9 8 3 )  and o f  r a t  (Hwang e t  a l . ,  197 4)  

c o n t a i n e d  a f ew l y m p h a t i c  c a p i l l a r i e s ,  a l t h o u g h  none wer e  

f o u n d  i n  t h e  c o r t e x .  I n  t h e  p r e s e n t  s t u d y  o f  t h e  r a t  

t h y mu s ,  i n t r i n s i c  l y m p h a t i c s  wer e  f ound  i n  t h e  c o n n e c t i v e  

t i s s u e  o f  c a p s u l e ,  i n t e r l o b u l a r  and i n t r a l o b u l a r  s e p t a ,  

c o r t i c o - m e d u l l a r y  j u n c t i o n  and i n  t h e  o u t e r  m e d u l l a .  Lymph 

c a p i l l a r i e s ,  c h a r a c t e r i s e d  by an a t t e n u a t e d  e n d o t h e l i u m  and 

d i s c o n t i n u o u s  basement  membr ane,  were  i d e n t i f i e d  i n  t h e  

c o r t i c o - m e d u 1 1  a r y  j u n c t i o n  and i n  t h e  o u t e r  m e d u l l a .

L y m p h a t i c  c a p i l l a r i e s ,  as w e l l  as c o l l e c t i n g  l y m p h a t i c  

v e s s e l s ,  c o n s t a n t l y  a c c ompa n i e d  t h e  b l o o d  v e s s e l s ,  

p a r t i c u l a r l y  a r t e r i e s ,  i n  t h e  c o n n e c t i v e  t i s s u e  s e p t a .  

Ho we v e r ,  no l y m p h a t i c s  were  f ound i n  t h e  i n n e r  m e d u l l a ,  or  

i n  t h e  c o r t e x .  I d e n t i f i c a t i o n ,  by o p t i c a l  m i c r o s c o p y ,  of

i n t r i n s i c  t h y m i c  l y m p h a t i c s  i n  p e r f u s i o n - f i x e d  m a t e r i a l

( F a w c e t t  e t  a l . ,  1 9 6 9 )  was based on t h e  f o l l o w i n g  c r i t e r i a :

( i )  t h e  s t r u c t u r e  o f  t h e  l y m p h a t i c  w a l l :  i r r e g u l a r  c o n t o u r  

of  s e c t i o n a l  p r o f i l e s ,  bounded by an e n d o t h e l i a l  l i n i n g .
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( i i )  t h e  l u m i n a l  c o n t e n t s  o f  a p a l e l y  s t a i n e d  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 ,  w h i l s t  b l o o d  v e s s e l s  wer e  e mp t y .  ( i i i )  

C e l l  t y p e s  p r e s e n t  i n  t h e  v e s s e l s  d i d  not  mat ch w i t h  t h e i r  

r a t i o s  i n  t h e  wh o l e  b l o o d .  ( i v )  C o n t i n u i t y  b e t we e n  h i l a r ,  

s e p t a l ,  and c o r t i c o - m e d u l  l a r y  l y m p h a t i c s  when t r a c e d  i n  

s e r i a l  s e m i - t h i n  s e c t i o n s .

T h e r e  i s  much e v i d e n c e  t h a t  t h e  t hymus p r o d u c e s  L a r ge  

number s  o f  l y m p h o c y t e s  t h a t  m i g r a t e  t o  t h e  t h y m u s - d e p e n d e n t  

a r e a s  o f  t h e  s p l e e n  and l ymph nodes ( S a i n t e - M a r i e  & 

L e b l o n d ,  195 8 ,  1 9 6 4 ;  Sai  n t e - M a r i  e ,  1 9 7 3 ;  W e i s s ,  1 9 8 3 ;

We i s s ma n ,  1 9 6 7 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  T h i s  v i e w i s  

s u p p o r t e d  by c e l l  l a b e l l i n g  s t u d i e s  ( We i s s ma n ,  1 9 6 7 ) ;  

d i f f e r e n c e s  i n  t h y mi c  a r t e r i o v e n o u s  l y mp h o c y t e

c o n c e n t r a t i o n  ( S a i n t e - M a r i e  & Peng ,  1 9 7 1 ) ;  t h e  r a r i t y  o f  

t h y m o c y t i c  p y k n o s e s  ( M e t c a l f ,  1 9 6 4 ) ;  s u b s t a n t i a l  d i a p e d e s i s  

o f  t h y m o c y t e s  a c r o s s  t h e  t h y mi c  v e n u l e s  ( C l a r k ,  1 9 6 3 ;  Tor o  

& O l a h ,  1 9 6 7 ) ;  t h e  abunda nce  of  t h y m o c y t e s  i n  t h e  p e r f u s a t e  

o f  i s o l a t e d  t hymuses  ( F o l k ma n  e t  a t . ,  1 9 6 8 ) ,  and t h e  

d e p l e t i o n  o f  t h o r a c i c  d u c t  l y mp h o c y t e s  f o l l o w i n g  a b l a t i o n  

or  i r r a d i a t i o n  o f  t h e  t hymus ( E n g e s e t  & S c h o o l e y ,  1 9 6 8 ;  

S c h o o l e y  8 K e l l y ,  1 9 6 4 ) .  E m i g r a t i n g  l y mp h o c y t e s  a p p e a r  i n  

t h y m i c  v e i n s  ( C l a r k ,  1 9 6 3 ;  Tor o  & O l a h ,  1 9 6 7 )  and 

l y m p h a t i c s  ( K o t a n i  e t  a t . ,  1 9 6 6 ,  1 9 6 7 )  on t h e i r  way t o

c o l o n i s e  p e r i p h e r a l  l y mp h o i d  o r g a n s .  The most  o b v i o u s  

s i t e s  f o r  t h y m o c y t e  e m i g r a t i o n  a r e  t h e  m e d u l l a r y  v e n u l e s  

( T o r o  & O l a h ,  1 9 6 7 )  .

I n  t h e  p r e s e n t  s t u d y ,  numerous m i t o t i c  f i g u r e s  wer e  

o b s e r v e d ,  e s p e c i a l l y  i n  t h e  c o r t e x ,  wh i ch  r e f l e c t s  and
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c o n f i r m s  t h e  h i g h  m i t o t i c  a c t i v i t y  o f  l y m p h o c y t e s  i n  t h e  

r a t  t hymus (Hwang e t  a l . ,  1 9 7 4 ;  Van H a e l s t ,  1 9 6 7 ) .  

F u r t h e r m o r e ,  t h e  u 1 1 r a s t r u e t u r a I  e v i d e n c e  o f  d i r e c t  e n t r y  

of  s m a l l  l y m p h o c y t e s  i n t o  t h e  v e n u l e s  o f  t h e  c o r t i c o -  

m e d u l l a r y  r e g i o n  (Hwang e t  a l . ,  1 9 7 4 )  was c o n f i r m e d  h e r e .  

A l t h o u g h  one c a n n o t  d e t e r m i n e ,  i n  r o u t i n e l y  s e c t i o n e d  

m a t e r i a l ,  t h e  d i r e c t i o n  of  movement  of  m i g r a t i n g  

l y m p h o c y t e s  seen i n  t h e  w a l l s  o f  t h e s e  v e n u l e s ,  i t  i s  

u n l i k e l y  t h a t  t h e  q u a n t i t a t i v e l y  s m a l l  i m m i g r a t i o n  of  bone  

marrow stem c e l l s  i n t o  t h e  t hymus woul d be so c o n s p i c u o u s  

( C l a r k ,  1 9 7 3 ) .

The n e c e s s i t y  o f  c o n s i d e r i n g  t h e  l y m p h a t i c  d r a i n a g e  

of  t h e  o r g a n  when a c c o u n t i n g  f o r  t h e  t o t a l  t h y m i c  

l y mp h o c y t e  o u t p u t  has been p o i n t e d  out  by a few a u t h o r s  

( K o t a n i  e t  a l . ,  1 9 6 6 ,  1 9 6 7 ;  J o e l  e t  a l . ,  1 9 7 4 ) .  The

p e r i v a s c u l a r  s paces  have been r e g a r d e d  by some a u t h o r s  as 

t r u e  l y m p h a t i c  v e s s e l s  t h r o u g h  wh i ch  bo t h  l y mp h o c y t e s  a n d ,  

i n  t h e  case  of  h a e m o r r h a g e ,  e r y t h r o c y t e s  l e a v e  t h e  t hymus  

( H a r r i s  & T e m p l e t o n ,  1 9 6 8 ;  S m i t h ,  1 9 5 5 ) .  L e b l o n d  and 

S a i n t e - M a r i e  ( 1 9 6 0 )  u s i n g  l i g h t  m i c r o s c o p y  f ound  t h a t  t r u e  

l ymph v e s s e l s  wer e  s p a r s e  i n  t h e  t hymus;  h o we v e r ,  numerous  

" l y m p h a t i c  s p a c e s "  wer e  f ound  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  

i n  t h e  m e d u l l a  and i n  t h e  s e p t a .  These spaces  wer e  seen t o  

e n v e l o p e  b l o o d  v e s s e l s  i n  c r o s s - s e c t i o n ,  h e n c e ,  t h e y  wer e  

c a l l e d  " p e r i v a s c u l a r  l y m p h a t i c  c h a n n e l s " .  They d e s c r i b e d  

them as bounded by t h i n  e n d o t h e  I i u r n - I i n e d  w a l l s ,  b a r e l y  

v i s i b l e  u n d e r  t h e  l i g h t  m i c r o s c o p e ,  and c o n t a i n e d  rows of  

l y m p h o c y t e s .  F u r t h e r m o r e ,  t h e  w a l l s  of  t h e s e  c h a n n e l s
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o f t e n  showed s m a l l  l y m p h o c y t e s  u n d e r g o i n g  d i a p e d e s i s ,  as 

d i d  t h e  w a l l s  o f  m e d u l l a r y  b l o o d  v e s s e l s .  H o we v e r ,  

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  of  t h e s e  s pac es  ( Be ar man  

e t  a l . ,  1 9 7 5 ;  C l a r k ,  1 9 6 3 )  have shown t h a t  t h e y  do not  have  

t h e  m o r p h o l o g y  o f  l y m p h a t i c  v e s s e l s .  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 a t  t hymus have been shown t o  a r i s e  i n  t h e  

p e r i v a s c u l a r  s paces  ( K o t a n i  e t  a l . ,  1 9 6 7 ) .  P e r i v a s c u l a r  

s pa c e s  s u r r o u n d i n g  t h e  m e d u l l a r y  v e s s e l s  c ommuni ca t e  w i t h  

t h e  i n t e r l o b u l a r  s e p t a  ( K o t a n i  e t  a l . ,  1 9 6 7 ;  Von G a u d e c k e r ,  

1 9 7 7 )  so i t  i s  p o s s i b l e  t h a t  c e l l s  i n  t h e  p e r i v a s c u l a r  

s pa ces  c o u l d  move i n  t h e  s e p t a l  c o n n e c t i v e  t i s s u e  and f i n d  

t h e i r  way i n t o  t h e  l y m p h a t i c  v e s s e l s  p r e s e n t  t h e r e  

( K o b a y a s h i  e t  a l . ,  1 9 6 4 ) .  T h u s ,  t h e  p e r i v a s c u l a r  spaces  

may f u n c t i o n  as p a r t  o f  t h e  p a t h wa y  f o r  t h y mi c  l y mp h o c y t e  

m i g r a t i o n  ( Be a r ma n  e t  a l . ,  1 9 7 5 ;  S a i n t e - M a r i e  & L e b l o n d ,  

1 9 5 8 ,  1 9 6 4 ) .

The u l t r a s t r u c t u r e  o f  t h e  r a t  t h y mi c  l y m p h a t i c  

v e s s e l s  was s i m i l a r  t o  t h a t  d e s c r i b e d  e l s e w h e r e  f o r  o t h e r  

mammal i an t i s s u e s  ( F r a l e y  & W e i s s ,  1 9 6 1 ;  L e a k ,  1 9 7 0 ;  Leak & 

B u r k e ,  1 9 6 6 ;  W e i s s ,  1 9 8 3 ) .  The i n t e r d i g i t a t i o n  o f  t h e  

e n d o t h e l i a l  c e l l  membranes w i t h  few desmosomes and t h e  

d i s c o n t i n u i t i e s  i n  t h e  e n d o t h e l i a l  c e l l  w a l l ,  s u g g e s t  t h a t  

t h e s e  v e s s e l s  a c t  as t h e  mai n  p a t h wa y s  f o r  t h e  r e mo v a l  of  

i n t e r s t i t i a l  f l u i d  and p r o t e i n s ,  as e l s e w h e r e  i n  t h e  body  

( L e a k ,  1 9 7 0 )  and p o s s i b l y  f a c i l i t a t e  m i g r a t i o n  of  

l y m p h o c y t e s  f r om t h e  m e d u l l a  and 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 t  has been s u g g e s t e d  t h a t  o n l y  s ma l l
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l y m p h o c y t e s  e m i g r a t e  f r om t h e  t hymus ( E r n s t r o m  & L a r s s o n ,  

1 9 6 7 ) .  T h i s  s t u d y  c o n f i r m e d  t h a t  t h e  l u mi n a  of  t h e  

l y m p h a t i c  v e s s e l s  c o n t a i n e d  p r e d o m i n a n t l y  s m a l l ,  and 

m o r p h o l o g i c a l l y  m a t u r e ,  l y m p h o c y t e s .  The t h y m i c

l y m p h o c y t e s  may ma t u r e  d u r i n g  pa s s a g e  t h r o u g h  t h e  m e d u l l a  

( S a i n t e - M a r i e  & L e b l o n d ,  1 9 5 8 ,  1 9 6 4 ) .  I t  was a l s o

g e n e r a l l y  o b s e r v e d  i n  t h i s  s t u d y  t h a t  c i r c u l a t i n g  

l y m p h o c y t e s  f o u n d  i n  t h e  l y m p h a t i c  l u m i n a ,  wer e  s m a l l e r  and 

s t a i n e d  more d e e p l y  t h a n  t h o s e  f o u n d  i n  t h e  pa r enchyma of  

t h e  t h y mu s .  A l s o ,  t h e  t h y m i c  l y m p h o c y t e s  i n  t h e  

p e r i  v a s c u l a r  spaces  wer e  f r e q u e n t l y  s m a l l  and d e e p l y  

s t a i n e d ,  as wer e  c i r c u l a t i n g  l y m p h o c y t e s .  The o n l y  

d i f f e r e n c e  b e t we e n  c i r c u l a t i n g  and p e r i v a s c u l a r  l y m p h o c y t e s  

i s  t h a t  t h e  f o r m e r  d i s p l a y  a m i c r o v i l l o u s ,  wh e r e a s  t h e

l a t t e r  have a s moot h ,  c e l l  s u r f a c e  ( V a n - E w i j k ,  1 9 8 0 ) .

I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  i n  some t i s s u e s  ( e . g .  

b r a i n ,  r e t i n a ,  bone ma r r o w,  e t c . )  t r u e  l y m p h a t i c  v e s s e l s  

a r e  not  f o u n d  ( W e i s s ,  1 9 8 3 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .

H o we v e r ,  F o l d i  e t  a l .  ( 1 9 6 8 )  e x p r e s s e d  t h e  v i e w t h a t ,  i n

s p i t e  o f  t h e  f a c t  t h a t  t h e r e  a r e  no lymph v e s s e l s  i n  t h e

b r a i n  s u b s t a n c e ,  t h e  c e r v i c a l  l y m p h a t i c s  p l a y  a r o l e  of  

g r e a t  i m p o r t a n c e  i n  t h e  d r a i n a g e  of  c e r e b r a l  i n t e r s t i t i a l  

f l u i d .  The " p e r i v a s c u l a r  s p a c e s " ,  f i r s t  d e s c r i b e d  by H i s  

i n  1 8 6 5 ,  have been shown t o  be l ong " p r e l y m p h a t i c  t i s s u e  

c h a n n e l s "  c o n n e c t i n g  t h e  deep c e r e b r a l  t i s s u e s  w i t h  t h e  

c e r v i c a l  l y m p h a t i c  s y s t e m.  L a t e r ,  t h e s e  " p r e l y m p h a t i c

t i s s u e  s p a c e s "  wer e  c o n f i r m e d  and r e p e a t e d l y  d e m o n s t r a t e d  

i n  t h e s e  o r g a n s  when t h e  lymph f l o w  i n  t h e  c o l l e c t i n g
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L y m p h a t i c s  i n  t h e  neck has been o b s t r u c t e d  ( r e v i e w e d  by 

C a s l e y - S m i t h  e t  a l . ,  1 9 7 6 ;  C a s l e y - S m i t h ,  1 9 7 8 ,  1 9 8 0 ,  1 9 8 2 ;  

F o l d i ,  1 9 7 7 ;  Ha u c k ,  1 9 7 2 ,  1 9 7 3 ,  1 9 8 2 ;  Hauck e t  a I „ ,  1 9 7 8 ) .  

These  " p r e  l y m p h a t i c  p a t h w a y s "  f or m a sys t em of  n o n -  

e n d o t h e  I i a L i s e d  and p o t e n t i a l  s p a c e s ,  l y i n g  a d j a c e n t  t o  t h e  

ba s e me n t  membrane of  b l o o d  c a p i l l a r i e s  and i n  t h e

a d v e n t i t i a  o f  t h e  l a r g e r  b l o o d  v e s s e l s .  They p e r f o r m  t h e  

f u n c t i o n  o f  l y m p h a t i c s  wh i ch  empty i n t o  t h e  t r u e  

l y m p h a t i c s ,  and wh i c h  cause  t h e  same changes  t o  be seen i n  

t h e  t i s s u e s  t h e y  d r a i n  as a r e  seen i n  t i s s u e s  d r a i n e d  by 

t r u e  l y m p h a t i c s  when l y m p h o s t a s i s  o c c u r s .  T hus ,  i n  such  

r e g i o n s ,  t h e  p r e - l y m p h a t i c s  t a k e  o v e r  t h e  r o l e  of  t h e  t r u e  

l y m p h a t i c s  and t r a v e l  f o r  many c e n t i m e t e r s  u n t i l  t h e y

d i s c h a r g e  i n t o  t h e  t r u e  l y m p h a t i c s .

T h i s  c o n c e p t  o f  " 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 .  W h i l e  s i m i l a r  sys t ems  have been c l a i m e d  t o  

e x i s t  i n  v a r i o u s  s i t u a t i o n s ,  e . g .  t h e  i n t e s t i n e  ( K a l i m a  & 

C o l l a n ,  1 9 7 6 ) ;  m e s e n t e r y  ( Hauck  e t  a l . ,  1 9 7 8 ) ;  c o r t i c a l  

bone ( D e y s i n e ,  1 9 7 6 )  and t h e  t o n g u e  ( C a s l e y - S m i t h ,  1 9 7 6 ) ,  

i t  has been 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  spaces  i n  t h e  

i n t e r s t i t i a l  t i s s u e ,  wh i ch  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 no t  j u s t i f y  any s p e c i a l  t i t l e .  A more s e r i o u s  

o b j e c t i o n  has been t h a t  o f  F i e d l e r  ( 1 9 7 5 ) ,  who c o n s i d e r e d  

t h a t  many of  t h e s e  spaces  wer e  a r t i f a c t s  caused by 

i mme r s i o n  f i x a t i o n .  Ho we v e r ,  C a s l e y - S m i t h  e t  a l .  ( 1 9 7 6 )  

r e - e x a m i n e d  t h i s  p r o b l e m and s t i l l  c o u l d  d e m o n s t r a t e  

s i m i l a r  s pa c e s  i n  p e r f u s e d - f i x e d  m a t e r i a l .

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  showed t h e  p r e s e n c e

217



o f  a s p e c i f i c  syst em of  t i s s u e  spaces  s i t u a t e d  i n  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  c h a n n e l s  a r o u n d  t h y m i c  b l o o d  

v e s s e l s /  p a r t i c u l a r l y  t h e  l a r g e  o n e s .  These f o r me d  

i r r e g u l a r /  r a n d o ml 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  

wh i c h  wer e  f r e q u e n t l y  a s s o c i a t e d  w i t h  c o l l a g e n o u s  b u n d l e s  

and o t h e r  c o n n e c t i v e  t i s s u e  e l e m e n t s .  Some of  t h e s e  s paces  

wer e  o b s e r v e d  t o  end a t  a l y m p h a t i c  e n d o t h e l i a l  j u n c t i o n ,  

wh i c h  was open or  a p p e a r e d  o p e n a b l e  ( C o l l a n  & K a l i m a ,  

1 9 7 4 ) .  The w a l l s  o f  t h e s e  s p e c i a l  spaces  wer e  f o r me d  by 

l ong f i b r o b l a s t i c  or  mesenchymal  c e l l  p r o c e s s e s  wh i c h  

j o i n e d  or  o v e r l a p p e d  each o t h e r ,  as t h e y  t r a v e l l e d  

p e r i p h e r a l l y ,  f o r m i n g  a c o n t i n u o u s  syst em of  space s  wh i c h  

e v e n t u a l l y  e n t e r e d  t h e  n e a r e s t  s e p t a l  l ymph v e s s e l .  They  

c o n t a i n e d  g r a y  homogenous i n t e r s t i t i a l  f l u i d  and numerous  

c e l l s ,  m a i n l y  s m a l l  l y m p h o c y t e s .  These s m a l l  l y m p h o c y t e s  

wer e  s i m i l a r  i n  shape and i n  t h e  i n t e n s i t y  of  t h e  s t a i n i n g  

t o  c i r c u l a t i n g  l y m p h o c y t e s  f ound  i n  t h e  a d j a c e n t  s e p t a l  

l y m p h a t i c s .  T h i s  s u g g e s t s  t h a t  s ma l l  l y mp h o c y t e s  f o u n d  i n  

t h e  l y m p h a t i c  v e s s e l s  had a r r i v e d  f r om t h e  " p r e l y m p h a t i c "  

c h a n n e l s .  T h i s  i s  f u r t h e r  e v i d e n c e d  by t h e  p r e s e n c e  o f  

s m a l l  l y m p h o c y t e s  i n  t h e  l u mi n a  of  l y m p h a t i c s  whose number s  

g r a d u a l l y  i n c r e a s e d  as t h e  l y m p h a t i c s  wer e  t r a c e d  t o w a r d s  

t h e  h i l u m ,  so t h a t  many l y mp h o c y t e s  wer e  p r e s e n t  i n  s e p t a l  

and h i l a r  l y m p h a t i c s .  O t h e r  c e l l s  f ound i n  t h e s e  

f i b r o b l a s t i c  s paces  i n c l u d e d  ma c r o p h a g e s ,  mast  c e l l s ,  and 

e o s i  noph i  I s .

V e r y  r e c e n t l y ,  s i m i l a r  f i b r o b l a s t i c  c h a n n e l s  have
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been d e m o n s t r a t e d  i n  t h e  p o r t a l  t r a c t s  o f  t h e  l i v e r  ( A l -  

J o ma r d ,  Re i d  & S c o t h o r n e ,  1 9 8 5 ) .  They f ound t h a t  t h e s e  

c h a n n e l s  d r a i n e d  l y mph ,  and i n t r a v e n o u s l y  i n j e c t e d  t r a c e r s ,  

f r o m t h e  space  of  D i s s e  t o  t h e  p o r t a l  l y m p h a t i c s .  T h u s ,  

t h e y  c o n c l u d e d  t h a t  t h e s e  f i b r o b l a s t i c  c h a n n e l s  a c t e d  a s ,  

and s h o u l d  be c o n s i d e r e d  a s ,  " p r e - l y m p h a t  i c s" .

I n  t h e  t h y mu s ,  i t  seems t h a t  as t h e  s e p t a l  b l o o d  

v e s s e l s  r e a c h  t h e  c o r t i c o - m e d u l l a r y  j u n c t i o n ,  and t h e n  

b r a n c h  i n t o  a r t e r i o l e s  and c a p i l l a r i e s  i n  t h e  m e d u l l a ,  

t h e i r  c o n n e c t i v e  t i s s u e  s h e a t h  i s  r e d u c e d  i n  t h i c k n e s s  

u n t i l  i t  becomes v e r y  t h i n  i n  t h e  m e d u l l a  ( Be ar man e t  a l . ,  

197 5 ) .  As t r u e  l y m p h a t i c  v e s s e l s  r an i n  t h e s e  c o n n e c t i v e  

t i s s u e  s paces  i n  t h e  v i c i n i t y  of  b l o o d  v e s s e l s ,  we wer e  

a b l e  t o  t r a c e  t h e s e  l y m p h a t i c s  up t o  t h e  c o r t i c o - m e d u l l a r y  

j u n c t i o n  and l e s s  f r e q u e n t l y  i n  t h e  o u t e r  m e d u l l a ,  bu t  

n e v e r  i n  t h e  i n n e r  ( c e n t r a l )  m e d u l l a  wher e  t h e y  

d i s a p p e a r e d .  By t h e  use o f  t h e  e l e c t r o n  m i c r o s c o p e ,  

c o n c e n t r i c  l a y e r s  of  s m a l l  and d a r k l y  s t a i n e d  l y m p h o c y t e s  

wer e  f r e q u e n t l y  o b s e r v e d  i n  t h e s 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  s p a c e s .  They wer e  e n c l o s e d  by l ong f i b r o b l a s t i c  

p r o c e s s e s  wh i c h  a p p e a r e d  t o  f o r m a c h a n n e l  or  

" p r e l y m p h a t i c "  p a t hwa y  f o r  l y mp h o i d  c e l l s  and i n t e r s t i t i a l  

f l u i d  t o  t r a v e l  t h r o u g h ,  f r om t h e  deep p a r t s  o f  t h e  t h y m i c  

m e d u l l a  t o  t h e  n e a r e s t  t r u e  l y m p h a t i c  i n  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 t  t h u s  a p p e a r s  as i f  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 e r i v a s c u l a r  s p a c e ,  i n c l u d i n g  t h 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  c h a n n e l s  f r e q u e n t l y  o b s e r v e d  w i t h i n  i t ,  c o u l d
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a f f o r d  a s i g n i f i c a n t  r o u t e  f o r  t h e  m i g r a t i o n  o f  s m a l l  

m a t u r e  l y m p h o c y t e s  f r om t h e  r a t  t hymus g l a n d -  T h i s  p e r h a p s  

h e l p s  t o  e x p l a i n  t h e  r e l a t i v e  l a c k  o f  s uc c e s s  o f  some 

a u t h o r s  i n  e s t a b l i s h i n g  d i a p e d e s i s  o f  l y m p h o c y t e s  t h r o u g h  

b l o o d  v e s s e l  w a l l s  as an i m p o r t a n t  means o f  d i s s e m i n a t i n g  

l y m p h o c y t e s  f r om t h e  g l a n d  ( Be ar man e t  a l - ,  1 9 7 5 ;  I t o  & 

Hoshi  n o ,  1 9 6 6 )  .
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SUMMARY

1)  The i n t r i n s i c  t h y m i c  L y m p h a t i c s  wer e  i n v e s t i g a t e d  by 

b o t h  o p t i c a l  and e l e c t r o n  m i c r o s c o p y .  T h i s  was c a r r i e d  

o u t  by t r a c i n g  them s y s t e m a t i c a l l y  i n  a r e t r o g r a d e  

manner  f r om t h e  h i l u m i n t o  t h e  t h y m i c  pa r enchyma  i n  

s e r i a l  s e m i - t h i n  s e c t i o n e d  m a t e r i a l .  T r u e  l y m p h a t i c s  

wer e  i d e n t i f i e 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  

c a p s u l e ,  i n t e r l o b u l a r  and i n t r a l o b u l a r  s e p t a ,  c o r t i c o -  

m e d u l l a r y  j u n c t i o n  and i n  t h e  o u t e r  m e d u l l a .  The  

c o r t e x  as w e l l  as t h e  i n n e r  m e d u l l a  c o n t a i n e d  no 

l y m p h a t i c s .  Lymph c a p i l l a r i e s  c h a r a c t e r i s e d  by an 

a t t e n u a t e d  e n d o t h e l i u m  and d i s c o n t i n u o u s  basement  

membrane wer e  d e m o n s t r a t e d  i n  t h e  c o r t i c o - m e d u l l a r y  

j u n c t i o n  and i n  t h e  o u t e r  m e d u l l a .  C o l l e c t i n g  

l y m p h a t i c s ,  as w e l l  as lymph c a p i l l a r i e s ,  c o n s t a n t l y  

a c c o mp a n i e d  t h e  b r a n c h i n g  o f  t h e  v a s c u l a r  t r e e  i n  t h e  

c o n n e c t i v e  t i s s u e  s e p t a ,  p a r t i c u l a r l y  l a r g e  s i z e d  

a r t e r i e s .

2)  U s i n g  e l e c t r o n  m i c r o s c o p y ,  t h e  p r e s e n t  s t u d y  a l s o  

showed t h e  p r e s e n c e  of  a syst em of  i r r e g u l a r  t i s s u e  

s p a c e s ,  s i t u a t e d  i n  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 .  

The se  t i s s u e  s paces  wer e  f r e q u e n t l y  a s s o c i a t e d  w i t h  

c o l l a g e n o u s  b u n d l e s  and o t h e r  c o n n e c t i v e  t i s s u e  

e l e m e n t s .  T h e i r  w a l l s  wer e  f o r me d  by l ong f i b r o b l a s t i c  

or  mesenchymal  c e l l  p r o c e s s e s  wh i c h  j o i n e d  or  

o v e r l a p p e d  each o t h e r ,  t o  f or m a syst em of  space s  t h a t  

c o u l d  be t r a c e d  t o  e n t e r  a n e a r b y  t r u e  lymph v e s s e l .
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T h u s ,  t h e  name " p r e - l y m p h a t i c s "  may be j u s t i f i e d

be c a u s e  o f  t h e i r  f u n c t i o n  i n  t r a n s p o r t i n g  i n t e r s t i t i a l  

f l u i d  and c e l l s  t o  t h e  l y m p h a t i c  c i r c u l a t i o n .  They  

c o n t a i n e d  g r a y  homogenous i n t e r s t i t i a l  f l u i d  and 

numer ous  c e l l s ,  m a i n l y  s m a l l  l y m p h o c y t e s .

3 )  I t  was o b s e r v e d  t h a t  c i r c u l a t i n g  l y m p h o c y t e s ,  f ound  i n  

t h e  l u mi n a  of  l y m p h a t i c  v e s s e l s ,  wer e  c o n s i s t e n t l y

s m a l l e r  and s t a i n e d  more d e e p l y ,  t h a n  t h o s e  i n  t h e

t h y m i c  p a r e n c h y m a .  F u r t h e r m o r e ,  t h e  t h y m i c  l y m p h o c y t e s

i n  t h e  p e r i v a s c u l a r  c h a n n e l s  wer e  f r e q u e n t l y  d e e p l y  

s t a i n e d  as wer e  l y m p h o c y t e s  w i t h i n  l y m p h a t i c s .  T h u s ,  

t h e  p e r i v a s c u l a r  s p a c e s ,  i n c l u d i n g  t h 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 "  c h a n n e l s  p r e s e n t  i n  t h e m,  a p p e a r  t o  

p l a y  a r o l e  i n  c a r r y i n g  t h y mi c  l y m p h o c y t e s  f r om t h e  

m e d u l l a  t o  t h e  l y m p h a t i c  c i r c u l a t i o n .  T h i s  p r o v i d e s  a 

s i g n i f i c a n t  r o u t e  f o r  t h e  m i g r a t i o n  o f  l y m p h o c y t e s  f r om  

t h e  r a t  t h y mu s ,  s u p p l e m e n t i n g  t h a t  p r o v i d e d  by b l o o d  

v e s s e l s .
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CHAPTER I V

LYMPHATICS OF THE DIAPHRAGM AND THEI R ROLE 

I N THE UPTAKE OF PARTI CLES FROM THE 

PERITONEAL CAVITY



INTRODUCTION

F l u i d ,  p a r t i c l e s  and c e l l s  such as e r y t h r o c y t e s  when 

i n t r o d u c e d  i n t o  t h e  p e r i t o n e a l  c a v i t y  a r e  r a p i d l y  a b s o r b e d  

( Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) ,  T h i s  r a p i d  a b s o r p t i o n  o c c u r s  

p r i n c i p a l l y ,  i f  not  e x c l u s i v e l y ,  by t h e  s u b p e r i t o n e a  I 

l y m p h a t i c  p l e x u s  o f  t h e  d i a p h r a g m  ( A l l e n ,  1 9 3 6 ,  1 9 5 6 ;

C a s l e y - S m i t h ,  1 9 6 4 ;  Cunn i ngha m,  1 9 2 2 ;  F r e nch  e t  a l . ,  1 9 6 0 ;  

M a c C a l l u m ,  1 9 0 3 ;  Od o r ,  1 9 5 6 ) .  Lymph d r a i n s  f r om t h e  

d i a p h r a g m  p r e d o m i n a n t l y  i n t o  t h e  m e d i a s t i n a l  l ymph node s ;  

t h e  p a r a s t e r n a l  l y m p h a t i c  t r u n k  a p p e a r s  t o  be t h e  mai n  

l ymph p a t h w a y ,  w i t h  t h e  t h o r a c i c  d u c t  u s u a l l y  b e i n g  of  

mi n o r  s i g n i f i c a n c e  ( H i g g i n s  & Gr aham,  1 9 2 9 ;  O l i n  & 

S a l d e e n ,  1 9 6 4 ;  S i m e r ,  1 9 4 8 ;  T i l n e y ,  1 9 7 1 ) .

The p r i n c i p a l  aim of  t h e  p r e s e n t  s t u d y  was t o  

a n a l y s e  t h e  r e g i o n a l  l y m p h a t i c  d r a i n a g e  r o u t e s  o f  t h e  r a t  

d i a p h r a g m  and t h e i r  r e l a t i v e  i m p o r t a n c e ,  and a l s o  d e t e r m i n e  

t h e  speed o f  u p t a k e  of  i n d i a  i n k  f o l l o w i n g  i t s  i n j e c t i o n  

i n t o  t h e  p e r i t o n e a l  c a v i t y .  We a l s o  i n v e s t i g a t e d  t h e  r o u t e  

of  u p t a k e  of  c a r b o n  p a r t i c l e s  by s u b p e r i t o n e a l  l y m p h a t i c s  

o f  t h e  d i a p h r a g m ,  w i t h  s p e c i a l  e mpha s i s  on t h e  r o l e  and 

f u n c t i o n  o f  p e r i t o n e a l  s t o m a t a ;  w h e t h e r  s t o ma t a  e x i s t  i n  

o t h e r  s e r o u s  membr anes .

S t a r l i n g  and Tubby ( 1 8 9 4 )  d e m o n s t r a t e d  t h a t  w a t e r  and 

s a l t  s o l u t i o n s  c o n t a i n i n g  v i t a l  dyes wer e  a b s o r b e d  f r om t h e  

s e r o u s  c a v i t i e s  more r a p i d l y  t h a n  p a r t i c u l a t e  s u b s t a n c e s .  

I t  was not  u n t i l  t h e  work of  H e i d e n h a i n  ( 1 8 9 5 )  on t h e  

11 s e c r e t i o n "  o f  l ymph t h a t  t h e  b l o o d  v e s s e l s  wer e  c o n s i d e r e d
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as t h e  m a j o r  r o u t e s  f o r  a b s o r p t i o n  o f  f l u i d  f r om t h e

p e r i t o n e a l  c a v i t y ,  w i t h  o n l y  s m a l l  amount s  b e i n g  r emoved by 

t h e  l y m p h a t i c s  ( O r l o w ,  1 8 9 5 ;  S t a r l i n g  & T u b b y ,  1 8 9 4 ) .  The  

c y t o l o g i c a l  s t u d i e s  a t  t h a t  t i m e  r e v e a l e d  t h a t  t h e  s e r o u s  

c a v i t i e s  wer e  l i n e d  by a s p e c i a l  t y p e  o f  f l a t t e n e d  c e l l s  

( H e n l e ,  1 8 6 6 ;  Von R e c k l i n g h a u s e n ,  1 8 6 3 ) .  E a r l y  

i n v e s t i g a t o r s  wer e  a l s o  awar e  of  t h e  m o r p h o l o g i c a l  

s i m i l a r i t i e s  b e t we e n  c e l l s  l i n i n g  t h e  s e r o u s  c a v i t i e s  and 

t h o s e  l i n i n g  b l o o d  and l y m p h a t i c  v e s s e l s ,  and ,  i n  g e n e r a l ,  

b o t h  g r o u p s  wer e  c l a s s i f i e d  as e n d o t h e l i a l  c e l l s  ( H i s ,  

1 9 0 3 ;  P a l a d i n o ,  1 8 8 3 ;  Von Reck I i n h a u s e n ,  1 8 6 3 ) .  O t h e r

w o r k e r s ,  h o w e v e r ,  c o n s i d e r e d  t h e  s e r o u s  l i n i n g  c e l l s  t o  be 

more l i k e  e p i t h e l i u m  t h a n  e n d o t h e l i u m  and c l a s s i f i e d  them 

as e p i t h e l i a l  c e l l s  ( B i c h a t ,  1 8 2 7 ;  Neumann,  1 8 7 5 ;  W a l d e y e r ,  

1 8 8 3 ) .  M a l l  ( 1 8 9 1 )  and Mi n o t  ( 1 8 9 0 ) ,  on t h e  b a s i s  o f

c o m p a r a t i v e  s t u d i e s ,  used t h e  t e r m m e s o t h e l i u m  i n

d e s c r i b i n g  t h o s e  c e l l s  l i n i n g  t h e  s e r o u s  c a v i t i e s ,  w h i l e

t h e  t e r m e n d o t h e l i u m  was r e s e r v e d  f o r  t h o s e  c e l l s  l i n i n g  

t h e  b l o o d  and l y m p h a t i c  v e s s e l s .

The way ,  h o w e v e r ,  by wh i ch  l a r g e  p a r t i c l e s  and c e l l s  

e n t e r  s u b s e r o u s  l y m p h a t i c  p l e x u s  o f  t h e  d i a p h r a g m has been  

s t r o n g l y  d e b a t e d  f o r  o v e r  a c e n t u r y .

Von R e c k l i n g h a u s e n  ( 1 8 6 2 )  was one of  t h e  f i r s t  t o  

s t u d y ,  i n  some d e t a i l ,  t h e  phenomenon o f  a b s o r p t i o n  f r om

t h e  p e r i t o n e a l  c a v i t y .  He c l a i m e d  t o  d e m o n s t r a t e ,  by

s i l v e r  n i t r a t e  s t a i n i n g  o f  t h e  m e s o t h e l i a l  l i n i n g ,  t h e  

e x i s t e n c e  o f  o p e n i n g s  b e t we e n  t h e  p e r i t o n e a l  m e s o t h e l i a l  

c e l l s  l e a d i n g  i n t o  a s u b s e r o u s  l y m p h a t i c  p l e x u s ,  whose
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t e r m i n a l  l y m p h a t i c s  wer e  l a r g e ,  f l a t t e n e d ,  b l i n d - e n d i n g  

c i s t e r n s ,  wh i c h  Von R e c k l i n g h a u s e n  t e r me d  " l a c u n a e " .  He 

d e m o n s t r a t e d  c l e a r l y ,  and f o r  t h e  f i r s t  t i m e ,  t h a t  t h e  

p e r i t o n e a l  c a v i t y ,  l i k e  t h e  b l o o d  and l y m p h a t i c  v e s s e l s ,  i s  

l i n e d  by s i n g l e  f l a t t e n e d  c e l l s  w i t h  c h a r a c t e r i s t i c  

b o u n d a r i e s  t h a t  c o u l d  be s h a r p l y  d e l i n e a t e d .  These  

f l a t t e n e d  m e s o t h e l i a l  c e l l s  wer e  c o n t i n u o u s  e x c e p t  f o r  

s m a l l  o p e n i n g s  a t  t h e  j u n c t i o n s  o f  c e l l  b o r d e r s ,  wh i c h  wer e  

c a l l e d  " s t o m a t a " .  These  wer e  c o n s i d e r e d  as p o r e s ,  wh i c h  

opened on t h e  p e r i t o n e a l  s u r f a c e  on one s i d e  and 

c o mmu n i c a t e d  d i r e c t l y  on t h e  o t h e r  w i t h  t h e  u n d e r l y i n g  

l y m p h a t i c s  w i t h i n  t h e  d i a p h r a g m .  He a l s o  o b s e r v e d  t h a t

v a r i o u s  t r a c e r s ,  such as m i l k ,  c i n n a b a r ,  i n k  and c o b a l t  

b l u e  e n t e r e d  t h e  s u b s e r o u s  l y m p h a t i c s  o f  t h e  d i a p h r a g m v i a  

t h e  s t o m a t a .

Von R e c k l i n g h a u s e n ' s  c o n c e p t  o f  open c h a n n e l s  b e t we e n  

t h e  p e r i t o n e a l  c a v i t y  and t h e  u n d e r l y i n g  l y m p h a t i c s  

r e c e i v e d  much s u p p o r t  f r om e a r l y  s t u d i e s  o f  t h e  s t r u c t u r e  

and f u n c t i o n  o f  m e s o t h e l i a l  c e l l s ,  such as Beck ( 1 8 9 3 ) ,  

Ludwi g  and S c h w e i g g e r  ( 1 8 6 6 ) ,  and K l e i n  ( 1 8 7 3 ) .  But  t h e r e  

wer e  t h o s e  who d i s p u t e d  t h e  c o n c e p t  o f  p e r i t o n e a l  s t o ma t a  

( H e r t z l e r ,  1 9 0 1 ;  K o l o s s o w,  1 8 9 3 ;  M a c C a l l u m ,  1 9 0 3 ;  

M u s c a t e l l o ,  1 8 9 5 )  and r e g a r d e d  t h e  p e r i t o n e a l  c a v i t y  as

b e i n g  c o m p l e t e l y  e n c l o s e d  by a c o n t i n u o u s  l a y e r  of

m e s o t h e l i a l  c e l l s ,  and i n t e r p r e t e d  Reck I i n h a u s e n 1s s t o ma t a

as a r t i f a c t s  r e s u l t i n g  f r om s i l v e r  s a l t s  r e a c t i n g  w i t h  

s e r o u s  f l u i d s  and f o r m i n g  d e p o s i t s  wh i c h  a d h e r e d  t o  t h e  

s u r f a c e s  and b o u n d a r i e s  o f  c e l l s  t o  g i v e  t h e  i m p r e s s i o n  of
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p o r e s  or  s t o m a t a .  Ma c Ca l l um ( 1 9 0 3 )  e mp h a s i z e d  t h a t  no one 

had s u c c e e d e d  i n  r e p e a t i n g  Reck I i n g a u s e n ' s e x p e r i m e n t s .  

Ma c Ca l l u m ( 1 9 0 3 )  t h o u g h t  t h a t ,  when c a r b o n  p a r t i c l e s  wer e  

i n j e c t e d  i n t o  t h e  p e r i t o n e a l  c a v i t y  t h e y  wer e  m a i n l y  t a k e n  

up by p h a g o c y t e s ,  wh i c h  wa n d e r e d  t h r o u g h  t h e  s e r o s a  t o  

r e a c h  t h e  s u b s e r o u s  l ymph p l e x u s  i n  t h e  d i a p h r a g m .  He 

c o n s i d e r e d  f u r t h e r  t h a t  t h e  c o n n e c t i o n s  b e t we e n  t h e  c e l l s  

of  t h e  p e r i t o n e a l  m e s o t h e l i u m  and l y m p h a t i c  e n d o t h e l i u m  

wer e  so f r a i l  t h a t  t h e  p o w e r f u l  pumpi ng a c t i o n  o f  t h e  

d i a p h r a g m  i s  s u f f i c i e n t  t o  f o r c e  t h e  m a t e r i a l  b e t we e n  t h e  

c e l l s .  H o w e v e r ,  Ma c Ca l l u m ( 1 9 0 3 )  t o o k  t h e  v i e w t h a t  t h e r e  

was no d i f f e r e n c e  i n  p r i n c i p l e  b e t we e n  h i s  own and 

R e c k l i n g h a u s e n ' s  p i c t u r e  o f  t h e  p r o c e s s ,  a t  any r a t e  f r om a 

p r a c t i c a l  p o i n t  of  v i e w .  A c c o r d i n g  t o  t h e  one t h e o r y ,  

d i r e c t  and open c o n n e c t i o n s  wer e  p r e s e n t  b e t wee n  t h e  

p e r i t o n e a l  c a v i t y  and t h e  l ymph v e s s e l s ,  h a v i n g  t h e  f or m of  

c h a n n e l s  f i l l e d  w i t h  t h e  t r a c e r  s u b s t a n c e ;  a c c o r d i n g  t o  t h e  

o t h e r ,  t h e  same f u n c t i o n a l  r e l a t i o n s h i p  e x i s t s ,  on a c c o u n t  

o f  l o o s e  c o n n e c t i o n s  b e t we e n  t h e  c e l l s .  The f r e q u e n t  

a p p e a r a n c e  of  p a r t i c l e s  w i t h i n  t h e  c y t o p l a s m  of  m e s o t h e l i a l  

c e l l s  l e d  Ma c Ca l l u m ( 1 9 0 3 )  f u r t h e r  t o  s u g g e s t  t h a t  t h e r e  

c o u l d  be an a l t e r n a t i v e  p a t h wa y  of  a b s o r p t i o n ,  na me l y  

t h r o u g h  t h e  c y t o p l a s m  of  t h e  c e l l u l a r  l a y e r s .  T h u s ,  he 

c o n c l u d e d  t h a t  more t h a n  one mechani sm may be i n v o l v e d  i n  

t h e  p r o c e s s  o f  p e r i t o n e a l  a b s o r p t i o n :  i n t e r c e l l u l a r ,

i n t r a c e l l u l a r ,  and p h a g o c y t o s i s ,  and he r e g a r d e d  a l l  t h e s e  

mecha ni sms  as i n f l u e n c e d  by d i a p h r a g m a t i c  movement s d u r i n g  

r e s p i  r a t i o n .



L a t e r ,  i n t r a c e l l u l a r  t r a n s p o r t  o f  p a r t i c l e s  i n t o  and 

t h r o u g h  t h e  c e l l  m e s o t h e l i a l  c y t o p l a s m  was s u p p o r t e d  by 

Cunni ngham ( 1 9 2 0 ,  1 9 2 2 ) .  I n  a l a t e r  r e v i e w ,  Cunni ngham

( 1 9 2 6 )  s umma r i s ed  t h e  p o s i t i o n  as f o l l o w s :  " The  e a r l i e r

work a l l  t e n d e d  t o  e s t a b l i s h  t h e  c o n c e p t  of  t h e  p r e s e n c e  of  

a c t u a l  p r e f o r m e d  p h y s i c a l  o p e n i n g s  b e t we e n  t h e  p e r i t o n e a l  

c a v i t y  and 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 .  T h i s  i d e a  was 

g r a d u a l l y  e l i m i n a t e d ,  and i n  i t s  p l a c e  t h e  c o n c e p t  o f  

p o t e n t i a l  p h y s i c a l  o p e n i n g s  b e t we e n  c e l l s  was o f f e r e d .  I n  

t u r n  t h i s  h y p o t h e s i s  i s  b e i n g  r e p l a c e d  by one wh i c h  assumes  

t h a t  m o s t ,  i f  no t  a l l ,  o f  t h e  p a r t i c u l a t e  m a t e r i a l  t h a t  i s  

a b s o r b e d  f r o m t h e  p e r i t o n e a l  c a v i t y  p asse s  d i r e c t l y  t h r o u g h  

t h e  l i v i n g  c y t o p l a s m  of  t h e  m e s o t h e l i a l  c e l l s " .

S i n c e  1 9 2 6 ,  f u r t h e r  e v i d e n c e  i n  f a v o u r  o f  p a ss a ge  of  

c e l l s  and p a r t i c l e s  b e t we e n  t e m p o r a r y  s e p a r a t i o n  o f  

m e s o t h e l i a l  and e n d o t h e l i a l  c e l l s  a t  t h e i r  b o r d e r s ,  has 

been b r o u g h t  f o r w a r d  by F l o r e y  ( 1 9 2 7 ) ,  F l o r e y  and W i t t s

( 1 9 2 8 ) ,  A l l e n  ( 1 9 3 6 )  and Si mer  ( 1 9 4 8 ) .  F l o r e y  ( 1 9 2 7 )  a n d ,  

l a t e r ,  S i me r  ( 1 9 4 8 )  c o n f i r m e d  M a c C a l l u m ' s  ( 1 9 0 3 )  

o b s e r v a t i o n s  t h a t  t h e  c e l l  b o u n d a r i e s  of  t h e  d i a p h r a g m a t i c  

p e r i t o n e u m  wer e  o u t l i n e d  by c a r b o n  p a r t i c l e s  d u r i n g  

a b s o r p t i o n ,  w i t h  l i t t l e  e v i d e n c e  of  p a ss a g e  t h r o u g h  

c y t o p l a s m .  A l l e n  ( 1 9 3 6 )  went  a s t e p  f u r t h e r  back t o w a r d s  

R e c k I i n h a u s e n ' s o r i g i n a l  c o n c e p t  of  p r e f o r m e d  s t o m a t a .  He 

used a v a r i e t y  o f  t e c h n i q u e s  and f ound t h a t  m o d i f i e d  

s t o ma t a  do o c c u r  i n  t h e  mouse d i a p h r a g m a t  t h e  j u n c t i o n  o f  

m e s o t h e l i a l  c e l l s  l e a d i n g  down t h r o u g h  f e n e s t r a t i o n s  i n  t h e  

ba se me nt  membrane ( M u s c a t e I l o ,  1 8 9 5 )  t o  t h e  i n t e r c e l l u l a r
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j u n c 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 u m .  I t  i s ,  a c c o r d i n g  t o  

A l l e n  ( 1 9 3 6 ) ,  v e r y  s i g n i f i c a n t  t h a t  t h e s e  s t o ma t a  o n l y  

o c c u r  a t  t h e  s i t e s  o f  t h e  s u b s e r o u s  l y m p h a t i c  l a c u n a e ,  and 

not  on o t h e r  p a r t s  o f  t h e  p e r i t o n e u m .  He a l s o  showed a 

b e a u t i f u l  p h o t o g r a p h  o f  many n u c l e a t e d  r ed b l o o d  c o r p u s c l e s  

p a s s i n g  t h r o u g h  t h e  r o o f  of  t h e  l a c u n a e ,  f o l l o w i n g  t h e i r  

i n j e c t i o n  i n t o  t h e  p e r i t o n e a l  c a v i t y .  I n  a p r e p a r a t i o n  o f  

t h i s  k i n d  A l l e n  ( 1 9 3 6 )  c o u l d  c o u n t  up t o  600  such  

c o r p u s c l e s  i n  t h e  a c t  of  b e i n g  a b s o r b e d .  The l y m p h a t i c  

l a c u n a e ,  as w e l l  as c o l l e c t i n g  l y m p h a t i c  v e s s e l s  e me r g i n g  

f r o m t h e m,  a l s o  c o n t a i n e d  many n u c l e a t e d  red b l o o d  

c o r p u s c l e s .  S i me r  ( 1 9 4 4 ) ,  h o w e v e r ,  c o u l d  not  f i n d  such  

s t o m a t a  i n  t h e  d i a p h r a g m s  o f  c a t s  or  r a t s ,  but  H e d e n s t e d t  

( 1 9 4 7 )  o b s e r v e d  what  a p p e a r e d  t o  be a stoma of  t h i s  t y p e  i n  

a h i s t o l o g i c a l  s e c t i o n  o f  human d i a p h r a g m .

A l l e n  and Vogt  ( 1 9 3 7 )  d e s c r i b e d  t h e  mechani sm of  

l y m p h a t i c  a b s o r p t i o n  f r om t h e  p e r i t o n e a l  c a v i t y  as a 

d i p h a s i c  me c h a n i s m,  and t h e i r  h y p o t h e s i s  i s  summar i sed as 

f o l l o w s : -  L y m p h a t i c  a b s o r p t i o n  t a k e s  p l a c e  a l m o s t  e n t i r e l y  

t h r o u g h  c e r t a i n  r e s t r i c t e d  a r e a s  o f  t h e  s e r o u s  l i n i n g  of  

t h e  d i a p h r a g m .  I n  t h e s e  a r e a s  t h e r e  a r e  f e n e s t r a t i o n s  i n  

t h e  b a se me nt  membrane and c o n n e c t i v e  t i s s u e  l a y e r s ,  so t h a t  

s u b s e r o u s  l y m p h a t i c s  a r e  v i r t u a l l y  i n  c o n t a c t  w i t h  

m e s o t h e l i a l  c e l l s .  T e n s i o n  on t h e  s e r o u s  l i n i n g  and 

c o n n e c t i v e  t i s s u e s  d u r i n g  i n s p i r a t i o n  or  e x p i r a t i o n  p u l l s  

t h e  m e s o t h e l i a l  and 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  s l i g h t l y  

a p a r t  a t  t h e i r  p o i n t s  o f  c o n t a c t  and d i l a t e s  t h e  s u b s e r o u s
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l y m p h a t i c s .  F l u i d ,  c o l l o i d s  and p a r t i c l e s  e n t e r  t h e

l y m p h a t i c  l u m i n a ,  due t o  t h e  g r a d i e n t  o f  p r e s s u r e  s e t  up.

W i t h  r e l a x a t i o n  o f  t e n s i o n  t h e  f u n c t i o n a l  " s t o m a t a "  c l o s e

and t h e  s u b s e r o u s  l y m p h a t i c s  empt y i n t o  t h e  c o l l e c t i n g  and

e f f e r e n t  l ymph v e s s e l s .  T h u s ,  A l l e n  and Vogt  ( 1 9 3 7 )

c o n s i d e r e d  t h a t  t h e  e s s e n t i a l  mechani sm of  l y m p h a t i c

a b s o r p t i o n  was r h y t h m i c  s t r e t c h i n g  of  t h e  d i a p h r a g m d u r i n g

o r d i n a r y  r e s p i r a t o r y  movement s ( M a c C a l l u m ,  1 9 0 3 ) .  T h i s

v i e w  was r e c e n t l y  s u p p o r t e d  by B e t t e n d o r f  ( 1 9 7 8 ,  1 9 7 9 )  and

Wang ( 1 9 7  5 ) .  A c c o r d i n g l y ,  p a r a l y s i s  of  t h e  d i a p h r a g m ,  by

u n i -  or  b i l a t e r a l  p h r e n e c t o m y ,  r e s u l t e d  i n  a d e l a y  of

a b s o r p t i o n ,  by l y m p h a t i c s  of  t h e  d i a p h r a g m ,  of  c a r b o n

p a r t i c l e s  i n j e c t e d  i n t o  t h e  p e r i t o n e a l  c a v i t y  of  dogs

( H i g g i n s  e t  a l . ,  1 9 3 0 ) .  Q u a n t i t a t i v e  e x p e r i m e n t s  have a l s o

shown t h a t  t h e s e  f i n d i n g s  a p p l y ,  i n  r a t s ,  t o  t h e  a b s o r p t i o n

of  l a b e l l e d  red b l o o d  c e l l s  and p r o t e i n  m o l e c u l e s  ( M o r r i s ,

1 9 5 3 ) .  V a r i a t i o n s  i n  r e s p i r a t o r y  p a t t e r n ,  as i n  d i f f e r e n t

t y p e s  o f  a n a e s t h e s i a ,  c o u l d  a l s o  a f f e c t  t h e  r a t e  and speed

o f  a b s o r p t i o n  i n  d i f f e r e n t  e x p e r i m e n t a l  a n i m a l s  such as

dogs ( M e n g l e ,  1 9 3 7 )  and r a b b i t s  and r a t s  ( C o u r t i c e  &

Si mmonds,  1 9 4 9 ;  C o u r t i c e  & M o r r i s ,  1 9 5 3 ;  M o r r i s ,  1 9 5 3 ) .

These  a u t h o r s  a l s o  showed t h a t  i n c r e a s e d  v e n t i l a t i o n ,

p r o d u c e d  by b r e a t h i n g  5% CO i n  a i r  or  0 ,  i n c r e a s e d  t h e
2 2

r a t e  o f  a b s o r p t i o n  of  p r o t e i n  and e r y t h r o c y t e s  i n  

a n a e s t h e t i s e d  or  u n a n a e s t h t i s e d  a n i m a l s .  A p a r t  f r om t h e  

r e s p i r a t o r y  movement s ,  t h e  i n t r a - p e r i t o n e a I  p r e s s u r e  

c o n d i t i o n s  p l a y  a r o l e ;  d e c r e a s e d  i n t r a p e r i t o n e a l  p r e s s u r e  

r e d u c e s  r e s o r p t i o n  ( Y o f f e y  & C o u r t i c e ,  197 0 ) ,  w h i l e

229



i n c r e a s e d  p r e s s u r e  p r o mo t e s  r e s o r p t i o n  ( F l o r e y ,  1 9 2 7 ;

H i g g i n s  & Gr aham,  1 9 2 9 ;  M e n g l e ,  1 9 3 7 ;  T s i l i b a r y  & W i s s i g ,

1 9 8 3 ) .  The e f f e c t  o f  p o s t u r e  on l y m p h a t i c  a b s o r p t i o n  f r om

t h e  p e r i t o n e a l  c a v i t y  has a l s o  been c o n s i d e r e d  an i m p o r t a n t

f a c t o r .  I t  was shown t h a t  F o w l e r ' s  p o s i t i o n  ( p e l v i s - d o w n ,  
o

t r u n k  a t  45 t o  t h e  h o r i z o n t a l )  d e f i n i t e l y  i m p a i r e d  

l y m p h a t i c  a b s o r p t i o n  i n  r a b b i t s  ( C o u r t i c e  S S t e i n b e c k ,  

1 9 5 1 ;  Dandy & R o w n t r e e ,  1 9 1 4 ) .  Bangham e t  a l .  ( 1 9 5 3 )  

showed t h a t  r a d i o a c t i v e  g l a s s  p a r t i c l e s  wer e  more s l o w l y  

a b s o r b e d  i n  r a t s  i n  t h e  h e a d - u p  t h a n  i n  t h e  he ad- down  

p o s i t i o n ,  w h i l e  a b s o r p t i o n  r a t e s  wer e  i n t e r m e d i a t e  i n  

a n i m a l s  movi ng a b o u t  n o r m a l l y .

I n  o r d e r  t o  e n t e r  t h e  l umen o f  a l y m p h a t i c  l a c u n a  

m a t e r i a l s  a b s o r b e d  f r om t h e  p e r i t o n e a l  c a v i t y  must  pass  

t h r o u g h  a c o m p o s i t e  s t r u c t u r e ,  wh i ch  f o r  c o n v e n i e n c e  

Ma c Ca l l u m ( 1 9 0 3 )  r e f e r r e d  t o  as t h e  " r o o f "  o f  t h e  l a c u n a .  

I t  has been g e n e r a l l y  a c c e p t e d  t h a t  each r o o f  c o n s i s t s  o f  

t h r e e  ma i n  l a y e r s ;  a s h e e t  of  m e s o t h e l i a l  c e l l s  f a c i n g  t h e  

p e r i t o n e a l  c a v i t y  and i n  c o n t i n u i t y  w i t h  t h e  m e s o t h e l i u m  of  

t h e  r e s t  o f  t h e  p e r i t o n e u m ;  a l a t t i c e  of  c o n n e c t i v e  t i s s u e  

f i b r e s ;  and an i n n e r  l a y e r  of  e n d o t h e l i u m  i n  c o n t i n u i t y  

w i t h  t h e  e n d o t h e l i u m  i n  t h e  w a l l s  and f l o o r  of  t h e  l a c u n a  

and u l t i m a t e l y  w i t h  t h e  e n d o t h e l i u m  of  t h e  e f f e r e n t  

l y m p h a t i c  v e s s e l s  ( A l l e n ,  1 9 3 6 ;  E f s k i n d ,  1 9 4 0 ;  F r e n c h  e t  

a l . ,  1 9 6 0 ;  M a c C a l l u m ,  1 9 0 3 ;  M u s c a t e l l o ,  1 8 9 5 ) .

As r e g a r d s  t h e  r a t e  o f  a b s o r p t i o n  f r om t h e  p e r i t o n e a l  

c a v i t y ,  Cunni ngham ( 1 9 2 6 )  c l a i m e d  t h a t  t h e  l y m p h a t i c  

r e mo v a l  o f  f l u i d  f r om t h e  p e r i t o n e a l  c a v i t y  i s  s l ow and
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t h a t  s i g n i f i c a n t  amount s  o f  f l u i d  a r e  not  removed by t h i s  

r o u t e .  C o u r t i c e  and S t e i n b e c k  ( 1 9 5 0 ,  1 9 5 1 ) ,  h o w e v e r ,  f ound  

t h a t  t h e  c a p a c i t y  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  t o  remove  

p l a sma  p r o t e i n s  or  0 . 9% Na c l  s o l u t i o n  f r om t h e  p e r i t o n e a l  

c a v i t y  i s  c o n s i d e r a b l e .  As much as 2 0 m l / K g ,  a b o u t  h a l f  t h e  

no r ma l  p l a sma  v o l u m e ,  of  wh o l e  pl asma was a b s o r b e d  i n  3 - 5  

hour s  i n  t h e  r a t ,  i n  5 - 8  hour s  i n  t h e  r a b b i t ,  and i n  1 6 - 2 4  

h o u r s  i n  t h e  g u i n e a  p i g .  I n  a d d i t i o n  t o  p l asma p r o t e i n  and 

f l u i d ,  t h e r e  i s  a b u n d a n t  t e s t i m o n y  t o  t h e  c o m p l e t e  and

f a i r l y  r a p i d  r e mo v a l  o f  whol e  b l o o d  by d i a p h r a g m a t i c

l y m p h a t i c s  f r om t h e  p e r i t o n e a l  c a v i t y  i n  man and a n i m a l s .  

A f u l l  r e v i e w  of  t h e  l i t e r a t u r e  was g i v e n  by H e d e n s t e d t  

( 1 9 4 7 ) .  I n  e x p e r i m e n t a l  a n i m a l s ,  t h e  l y m p h a t i c  t r a n s f e r  

o f  l a b e l l e d  e r y t h r o c y t e s  f r om t h e  p e r i t o n e a l  c a v i t y  t o  

c i r c u l a t i o n  may be r e m a r k a b l y  r a p i d  and c o m p l e t e  ( C o u r t i c e  

& M o r r i s ,  1 9 5 3 ;  Hahn e t  a l . ,  1 9 4 4 ;  M o r r i s ,  1 9 5 3 ;  S i p e r s t e i n  

& S n a s b y ,  1 9 2 3 ) .  S p e c i e s  d i f f e r e n c e s  wer e  a l s o  f o u n d  i n  

r e l a t i o n  t o  t h e  r a t e  of  r e mo v a l  of  e r y t h r o c y t e s ;  t h u s  

a b s o r p t i o n  was most  r a p i d  i n  r a t s ,  i n t e r m e d i a t e  i n  r a b b i t s  

and s l o w e s t  i n  g u i n e a  p i g s  when t h e s e  t h r e e  s p e c i e s  wer e

compar ed ( C o u r t i c e  e t  a l . ,  1 9 5 3 ) .  The f a i r l y  r a p i d

l y m p h a t i c  a b s o r p t i o n  o.f e r y t h r o c y t e s  f r om t h e  p e r i t o n e a l  

c a v i t y  has s u g g e s t e d  t h i s  r o u t e  f o r  b l o o d  t r a n s f u s i o n  i n  

human,  e s p e c i a l l y  i n  i n f a n t s  ( H e d e n s t e d t ,  1 9 4 7 ;  C l a u s e n ,  

1 9 4 0 ;  C o l e  8 Mo n t g o me r y ,  1 9 2 9 ;  S i p e r s t e i n  8 Sn as b y ,  1 9 2 3 ) .

I n  g e n e r a l ,  a b s o r p t i o n  of  e r y t h r o c y t e s  and p l asma  

seems t o  be s l o w e r  f r om t h e  p l e u r a l  t h a n  f r om t h e  

p e r i t o n e a l  c a v i t y  ( Y o f f e y  8 C o u r t i c e ,  1 9 7 0 ) .  I t  a l s o  seems
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t h a t  t h e  p a s s a g e  of  l ymph and o f  p a r t i c l e s  and c e l l s  f r om  

t h e  p e r i t o n e a l  c a v i t y  e x h i b i t s  o n e - wa y  t r a f f i c .  Ma c Ca l l um  

( 1 9 0 3 )  r e t r o i n j e c t e d  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 and 

f a i l e d  t o  f o r c e  suspe nded  p a r t i c l e s  back  i n t o  t h e

p e r i t o n e a l  c a v i t y  e x c e p t  when u s i n g  p r e s s u r e s  s u f f i c i e n t  t o  

r u p t u r e  t h e  l y m p h a t i c s .

I n  t h e  l a s t  t h r e e  de c a d e s  many i n v e s t i g a t o r s ,  u s i n g  

e l e c t r o n  m i c r o s c o p y  and e l e c t r o n  opaque t r a c e r s ,  have  

s t u d i e d  i n  d e t a i l  t h e  p e r m e a b i l i t y  o f  m e s o t h e l i a l  l i n i n g  

c e l l s  ( B a r a d i  & Hope ,  1 9 6 4 ;  C a s I e y - S m i t h ,  1 9 6 4 ,  1 9 6 7 ;

C o t r a n  & K a r n o v s k y ,  1 9 6 8 ;  C o t r a n  & M a j n o ,  1 9 6 7 ;  F r e n c h  e t  

a l . ,  1 9 6 0 ;  F u k u t a ,  1 9 6 3 ;  L e a k ,  1 9 7 6 ,  1 9 7 7 ;  M a r c h e s i ,  196 5;  

O d o r ,  1 9 5 6 ) .  Odor  ( 1 9 5 6 )  s t u d i e d  t h e  u p t a k e  and t r a n s f e r

o f  c o l l o i d a l  m e r c u r i c  s u l p h i d e  and t h o r i u m  d i o x i d e  a c r o s s

t h e  p e r i t o n e a l  c a v i t y  o f  t h e  r a t ,  and f ound  t h a t  t h e s e

p a r t i c l e s  wer e  l o c a l i s e d  w i t h i n  m e s o t h e l i a l  c e l l s ,  i n

v e s i c l e s  and w i t h i n  b o d i e s  h a v i n g  a r e l a t i v e l y  dense

s t r u c t u r e .  U s i n g  c o l l o i d a l  m e t a l l i c  t r a c e r s ,  F u k u t a  ( 1 9 6 3 )  

and M a r c h e s i  ( 1 9 6 5 )  f ound  t h a t  t h e s e  t r a c e r s  c r o s s e d  t h e

m e s o t h e l i u m  by way of  p i n o c y t o t i c  v e s i c l e s .  B a r a d i  and Hope 

( 1 9 6 4 )  r e p o r t e d  f u r t h e r  on t h e  f i n e  s t r u c t u r e  of  t h e  r a b b i t  

p e r i t o n e a l  m e s o t h e l i u m ;  t h e y  e mp h a s i z e d  t h a t  t h e

i n t e r c e l l u l a r  spaces  wer e  o f t e n  t o r t u o u s  and l a b y r i n t h i n e ,  

and t h a t  s i d e  b r a n c h e s  t ook  o r i g i n  f r om t h e  mai n

i n t e r c e l l u l a r  c h a n n e l s  and opened i n t o  t h e  l umen or  i n t o  

l a t e r a l  o r  b a s a l  ends o f  t h e  c e l l .  C o t r a n  and K a r n o v s k y  

( 1 9 6 8 )  c o n f i r m e d  B a r a d i  and H o p e ' s  ( 1 9 6 4 )  f i n d i n g s ,  by 

s t u d y i n g  t h e  p e r m e a b i l i t y  of  m e s o t h e l i a l  c e l l s  l i n i n g  t h e
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r a t  c r o t a l  sac u s i n g  h o r s e r a d i s h  p e r o x i d a s e  as a t r a c e r .  

They  showed f u r t h e r  t h a t  p a r t i c l e s  wer e  l o c a l i s e d  i n  t h e  

i n t e r c e l l u l a r  c l e f t  o f  t h e  m e s o t h e l i u m  o f t e n  a l o n g  t h e i r  

e n t i r e  l e n g t h s ,  i n  v e s i c l e s  a d j o i n i n g  or  c o n t i n u o u s  w i t h

t h e  c l e f t ,  and a l o n g  t h e  p e r i t o n e a l  and b a s a l  s u r f a c e s  o f  

t h e  c e l l ,  and a l s o  i n  i n t r a c y t o p l a s m i c  v a c u o l e s .  They a l s o  

o b s e r v e d  open i n t e r c e l l u l a r  j u n c t i o n s  b e t we e n  some 

m e s o t h e l i a l  c e l l s .  They c o n c l u d e d  t h a t  t h e i r  f i n d i n g s  wer e  

c o n s i s t e n t  w i t h  p h y s i o l o g i c a l  d a t a  wh i ch  p o s t u l a t e  t h a t

m e s o t h e l i a l  t r a n s p o r t  can be a c c o u n t e d  f o r ,  a t  l e a s t  i n  

p a r t ,  by p a s s i v e  d i f f u s i o n  t h r o u g h  a syst em of  p o r e s  

l o c a t e d  i n  t h e  i n t e r c e l l u l a r  c l e f t s .

I t  i s  c l e a r  t h a t  t h e s e  mechani sms o f  t r a n s -  

m e s o t h e l i a l  t r a n s p o r t ,  w h e t h e r  i n t e r c e l l u l a r  or  

i n t r a c e l l u l a r ,  s t i l l  do not  e x p l a i n  s a t i s f a c t o r i l y  t h e

r a p i d  a b s o r p t i o n  of  l a r g e  p a r t i c l e s  and c e l l s  by 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 when i n j e c t e d  i n t o  t h e

p e r i t o n e a l  c a v i t y ,  and wer e  c o n s i d e r e d  as s e c o n d a r y  r o u t e s  

c o n c e r n e d  m a i n l y  w i t h  t h e  a b s o r p t i o n  of  f l u i d  and f i n e  

p a r t i c l e s .

R e c e n t l y ,  h o w e v e r ,  s e v e r a l  w o r k e r s  s t u d i e d  t h e  

p r e c i s e  t o p o g r a p h y ,  u s i n g  SEM, of  c e l l s  l i n i n g  t h e

d i a p h r a g m  and t h e i r  3 - d i m e n s i o n a l  r e l a t i o n s h i p  w i t h  t h e  

s u b m e s o t h e l i a l  c o n n e c t i v e  t i s s u e  l a y e r s  and l y m p h a t i c  

l a c u n a e ;  and p r o v e d  beyond any doubt  t h a t  o p e n i n g s  or

p o r e s ,  wh i c h  c o r r e s p o n d  t o  t h e  " s t o m a t a "  o f  Von

R e c k l i n g h a u s e n  ( 1 8 6 2 )  do o c c u r  b e t we e n  a d j a c e n t  m e s o t h e l i a l
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c e l l s  l i n i n g  t h e  p e r i t o n e a l  ( L e a k  & R a h i l ,  1 9 7 8 ;  T s i l i b a r y  

& W i s s i g ,  1 9 7 7 ,  1 9 8 3 )  as w e l l  as t h e  p l e u r a l  s u r f a c e s

( Wang,  1 9 7 5 )  o f  t h e  d i a p h r a g m .

Wang ( 1 9 7 5 )  s t u d i e d  t h e  u 1 1 r a s t r u c t u r e  o f  t h e  p l e u r a l  

m e s o t h e l i u m  of  t h e  r a b b i t  d i a p h r a g m ,  and 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  s t o ma t a  b e t we e n  m e s o t h e l i a l  c e l l s  o v e r l y i n g  

l y m p h a t i c s .  He a l s o  o b s e r v e d  t h a t  t h e  m e s o t h e l i u m  and 

l y m p h a t i c  e n d o t h e l i u m  wer e  c o n t i n u o u s  w i t h  one a n o t h e r  a t  

t h e  r i m of  t h e  s t o m a t a .  T s i l i b a r y  and W i s s i g  ( 1 9 7 7 ) ,  who 

s t u d i e d  t h e  mouse d i a p h r a g m a t i c  p e r i t o n e u m  by SEM, f ound  

t h a t  t h e  l y m p h a t i c  l a c u n a e  o c c u r  e x c l u s i v e l y  on t h e  

m u s c u l a r  p o r t i o n  o f  t h e  d i a p h r a g m .  They a l s o  o b s e r v e d  t h a t  

t h e  m e s o t h e l i a l  c e l l s  o v e r l y i n g  n o n - l a c u n a r  a r e a s  wer e

e x t r e m e l y  f l a t ,  and t h e i r  b o u n d a r i e s  i n d i s t i n c t ;  w h i l s t

m e s o t h e l i a l  c e l l s  o v e r l y i n g  l a c u n a e  wer e  c u b o i d a l  i n  shape  

and p r o t r u d e d  t o w a r d s  t h e  p e r i t o n e a l  c a v i t y  and had 

d i s t i n c t  o u t l i n e s .  Ope n i ngs  or  s t o m a t a ,  4 - 1 2  urn i n  

d i a m e t e r ,  wer e  f ound  b e t we e n  t h e s e  c e l l s .  Leak and R a h i l  

( 1 9 7 8 )  s t u d i e d  t h e  mo r p h o l o g y  and u 1 1 r a s t r u c t u r e  o f

m e s o t h e l i a l  c e l l s  l i n i n g  t h e  p e r i t o n e a l  s u r f a c e  o f  t h e  

mouse d i a p h r a g m .  T h e i r  o b s e r v a t i o n s  a g r e e d ,  i n  g e n e r a l ,  

w i t h  t h o s e  of  T s i l i b a r y  and W i s s i g  ( 1 9 7 7 ) .  The s t o ma t a  wer e  

s p e c i a l  c i r c u l a r  p o r e s  f ound  b e t we e n  t h e  m a r g i n s  o f  s e v e r a l  

n e i g h b o u r i n g  m e s o t h e l i a l  c e l l s .  They s u g g e s t e d  t h a t  t h e s e  

c i r c u l a r  p o r e s  wer e  f or me d  when c e l l  ma r g i 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  e x t e n d  upwar ds  t o  r e a c h  t h e  m e s o t h e l i a l  

s u r f a c e  and f or m i n t e r c e l l u l a r  j u n c t i o n s  w i t h  c e l l  m a r g i n s  

o f  s e v e r a l  n e i g h b o u r i n g  m e s o t h e l i a l  c e l l s  l i n i n g  t h e
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p e r i t o n e a l  s u r f a c e  o f  t h e  d i a p h r a g m .  T h i s  w i l l  p r o v i d e  an 

open c h a n n e l  b e t we e n  t h e  p e r i t o n e a l  c a v i t y  and t h e  

l y m p h a t i c  l umen .  I n t r a p e r i t o n e a l l y  i n j e c t e d  c o l l o i d a l  

c a r b o n  and e r y t h r o c y t e s  wer e  r a p i d l y  removed f r om t h e  

p e r i t o n e a l  c a v i t y  v i a  t h e  c i r c u l a r  p o r e s  or  s t o m a t a .  I n  

a d d i t i o n  t o  p r e f o r m e d  s t o m a t a ,  Leak and R a h i l  C1978)  

r e c o g n i s e d  i n t e r c e l l u l a r  gaps b e t we e n  m e s o t h e l i a l  c e l l s  

o v e r l y i n g  l y m p h a t i c  l a c u n a e .  These gaps e x i s t e d  b e t we e n  

i n t e r l a c i n g  f i l a m e n t o u s  p r o c e s s e s  a t  t h e  l a t e r a l  b o r d e r s  of  

t h e  l a c u n a r  c u b o i d a l  c e l l .

V e r y  r e c e n t l y ,  i t  was f ound  t h a t  t h e  o v a r i a n  b u r s a  of  

t h e  g o l d e n  h a ms t e r  a l s o  has s t o ma t a  c o n n e c t i n g  t h e  b u r s a l  

c a v i t y  and l y m p h a t i c  l u mi n a  ( S h i n o h a r a  e t  a l . ,  1 9 8 5 ,  1 9 8 6 ) .  

The e x i s t e n c e  of  such s t o ma t a  was r e g a r d e d  as f u n c t i o n a l l y  

i m p o r t a n t  f o r  d r a i n i n g  b u r s a l  f l u i d  as w e l l  as c e l l  

component  s .

I n  t h e  l a s t  hundr ed y e a r s ,  many i n v e s t i g a t o r s  have  

s t u d i e d  t h e  a b s o r p t i o n  o f  f l u i d ,  p a r t i c u l a t e  m a t t e r ,  and 

c e l l s  f r om t h e  p e r i t o n e a l  c a v i t y .  They used a v a r i e t y  of  

t r a c e r  s u b s t a n c e s  i n  many d i f f e r e n t  a n i m a l  s p e c i e s .  The  

most  i m p o r t a n t  o f  t h e s e  o b s e r v a t i o n s  a r e  s ummar i sed i n  

t a b l e  4 .
A d e t a i l e d  s t u d y  of  t h e  pa t hwa ys  of  l ymph d r a i n a g e  

f r om t h e  d i a p h r a g m of  dogs a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n  

o f  c o l l o i d a l  g r a p h i t e  was r e p o r t e d  by H i g g i n s  and Graham

( 1 9 2 9 ) .  They r e c o g n i s e d  f i v e  r o u t e s  t h r o u g h  whi ch  such 

p a r t i c u l a t e  m a t t e r  was removed:  t h e  p a r a s t e r n a l ,  t h e
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p u l m o n a r y ,  t h e  t h o r a c i c  d u c t ,  t h e  r e t r o p e r i t o n e a l ,  and t h e  

d i r e c t  p e r i t o n e a l  l y m p h a t i c  r o u t e s .  About  80% of  t h e  

m a t e r i a l  was a b s o r b e d  a l o n g  t h e  " p a r a s t e r n a I ” l y m p h a t i c s ,  

t h e  most  c o n s p i c u o u s  and e f f e c t i v e  r o u t e .  I t  a r o s e  f r om  

t h e  d i a p h r a g m  and r an a l o n g  t h e  i n t e r n a l  mammary b l o o d  

v e s s e l s  p a r a l l e l  t o  t h e  s t e r n u m ,  and d r a i n e d  i n t o  a s e r i e s  

o f  l ymph nodes b e t we e n  t h e  f i r s t  and t h i r d  r i b s  i n  t h e  

u p p e r  t h o r a x .  The second r o u t e ,  t h e  " p u l m o n a r y " ,  c o n s i s t e d  

o f  s m a l l  l ymph v e s s e l s  wh i ch  d r a i n e d  t h e  c e n t r a l  p a r t  of  

t h e  d i a p h r a g m  t o  l ymph nodes i n  t h e  h i l u s  o f  t h e  l u n g ,  and 

o c c a s i o n a l l y  t o  t h e  a n t e r i o r  m e d i a s t i n a l  nodes by a s ma l l  

l ymph c h a n n e l  a c c o mp a n y i n g  t h e  p h r e n i c  n e r v e  and b l o o d  

v e s s e l s .  The t h i r d  r o u t e  a p p e a r e d  t o  have no g r e a t  

s i g n i f i c a n c e  f o r  t h e  t r a n s p o r t  o f  p a r t i c l e s ,  and c o n s i s t e d  

o f  s m a l l  l ymph v e s s e l s  wh i ch  e m p t i e d  d i r e c t l y  i n t o  t h e  

t h o r a c i c  d u c t .  The r e m a i n i n g  r o u t e s  wer e  a l s o  o f  no g r e a t  

s i g n i f i c a n c e ;  o f  t h e  t w o ,  t h e  " r e t r o p e r i t o n e a l "  l y m p h a t i c  

r o u t e  was more e x t e n s i v e  and more c o n s t a n t  i n  i t s  

d i s t r i b u t i o n .  I t  d r a i n e d  t h e  d i a p h r a g m downwards t o  a 

l a r g e  l ymph node i n  t h e  r e t r o p e r i t o n e a l  space j u s t  above  

t h e  k i d n e y s ,  f r om wh i ch  s e p a r a t e  lymph c h a n n e l s  passed  

o b l i q u e l y  t o  t h e  c i s t e r n a  c h y l i .  The f i f t h  and f i n a l  

l y m p h a t i c  r o u t e ,  t h e  " d i r e c t  p e r i t o n e a l " ,  c o mp r i s e d  a s m a l l  

l ymph c h a n n e l  wh i c h  passed d i r e c t l y  f r om t h e  d i a p h r a g m t o  

t h e  p e r i t o n e a l  c a v i t y ,  and was t r a c e d  t o  lymph nodes n e a r

t h e  s p l e e n  or  p a n c r e a s .

By means o f  l y m p h a n g i o g r a p h y ,  M e n v i l l e  and Ane ( 1 9 3 2 )  

and B e n n e t  and S h i v a s  ( 1 9 5 3 ,  1 9 5 4 )  exa mi ned  t h e  l y m p h a t i c
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p a t h w a y s  f r om t h e  p e r i t o n e a l  c a v i t y  o f  t h e  r a t .  M e n v i l l e  

and Ane ( 1 9 3 2 )  i n j e c t e d  t h o r i u m  d i o x i d e  ( T h o r o t r a s t )  

i n t r a p e r i t o n e a I l y  and r a d i o g r a p h e d  t h e  a n i m a l s  a t  24 ho u r s  

and l a t e r  a t  2 we e k s .  R i g h t  and l e f t  l y m p h a t i c  d u c t s ,  

r u n n i n g  f r om t h e  d i a p h r a g m ,  wer e  d e m o n s t r a t e d  i n  t h e  c h e s t ,  

b u t  t h e i r  e x a c t  l o c a t i o n  was not  d e s c r i b e d .  They a l s o  

o b s e r v e d  c o n n e c t i o n s  b e t we e n  t h e  i n t e r c o s t a l  l ymph v e s s e l s  

and n o d e s ,  and t h e  above  m e n t i o n e d  l y m p h a t i c  d u c t s .  Be nne t  

and S h i v a s  ( 1 9 5 3 ) ,  h o w e v e r ,  i n j e c t e d  1ml  of  An g i o p a c  ( e t h y l  

i o d o s t e a r a t e )  i n t o  t h e  p e r i t o n e a l  c a v i t y  o f  t e n  r a t s .  Each  

day one r a t  was s a c r i f i c e d  and r a d i o g r a p h e d .  On l a t e r a l  

c h e s t  f i l m s  a l a r g e  l ymph t r u n k  was seen b e h i n d  t h e  uppe r  

p a r t  o f  t h e  s t e r n u m .  M o r e o v e r ,  some m e d i a s t i n a l  l ymph  

nodes wer e  f i l l e d .

S i me r  ( 1 9 4 8 ) ,  a f t e r  i n j e c t i n g  i n d i a  i n k  i n  t h e  

p e r i t o n e a l  c a v i t y  of  t h e  r a t ,  r e p o r t e d  t h a t  t h e  p a t h wa y s  of  

l ymph f r om t h e  d i a p h r a g m 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 

H i g g i n s  and Graham ( 1 9 2 9 )  i n  t h e  dog.  Most  o f  t h e  lymph  

pa ss e d  by way of  t h e  p a r a s t e r n a l  l ymph t r u n k s ,  and d r a i n e d  

i n t o  t h e  m e d i a s t i n a l  n o d e s ,  but  some f o l l o w e d  a d o r s a l  

c o u r s e  t h r o u g h  t h e  l ymph v e s s e l s  i n  t h e  c r u r a  of  t h e  

d i a p h r a g m  t o  l umbar  l ymph node s .  He a l s o  n o t i c e d  t h e  

p r e s e n c e  o f  dense  i n k  s p o t s  i n  t h e  g r e a t e r  and l e s s e r  

o m e n t a ,  i n  t h e  p e r i t o n e a l  f a t ,  and i n  t h e  m e s e n t e r y .  

F u r t h e r ,  he e xa mi ned  t h e  a n t e r i o r  m e d i a s t i n a l  and l umbar  

nodes m i c r o s c o p i c a l l y  and f ound  a b u n d a n t  f r e e  i n k  p a r t i c l e s  

i n  t h e  p e r i p h e r a l  n o d a l  s i n u s e s  and a few i n k - l a d e n
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p h a g o c y t e s .  He c o n c l u d e d  t h a t  t h e  ma j o r  p o r t i o n  o f  l ymph  

f r o m t h e  d i a p h r a g m  passed  a l o n g  t h e  p a r a s t e r n a l  r o u t e ,  

s i n c e  t h e  a n t e r i o r  m e d i a s t i n a l  nodes c o n t a i n e d  much more  

i n k  t h a n  d i d  t h e  l umba r  no d e s .

C o u r t i c e  and S t e i n b e c k  ( 1 9 5 0 ,  1 9 5 1 )  s t u d i e d  t h e

a b s o r p t i o n  o f  l a b e l l e d  p l asma p r o t e i n  f r om t h e  p e r i t o n e a l  

c a v i t y  o f  r a b b i t ,  c a t ,  g u i n e a  p i g  and r a t .  They f ound  t h a t  

i n  t h e  r a t  t h e  l y m p h a t i c  d r a i n a g e  of  t h e  d i a p h r a g m i n c l u d e d  

b o t h  v e n t r a l  ( p a r a s t e r n a l )  and d o r s a l  ( p a r a v e r t e b r a l )  

p a t h w a y s ,  wh i c h  u l t i m a t e l y  r e a c h e d  t h e  a n t e r i o r  m e d i a s t i n a l  

n o d e s .  The d o r s a l  r o u t e  was a p a i r  of  l y m p h a t i c  t r u n k s  o f  

v a r i a b l e  c a l i b r e ,  wh i ch  a t  t i m e s  a p p e a r e d  l a r g e r  t h a n  t h e  

p a r a s t e r n a l  l y m p h a t i c s ,  l y i n g  i n  t h e  p a r a v e r t e b r a l  

p o s i t i o n .  At  t h e  i n t e r c o s t a l  l e v e l s  t h e r e  wer e  i r r e g u l a r  

d i l a t a t i o n s  c o n t i n u o u s  w i t h  t h e  c o r r e s p o n d i n g  i n t e r c o s t a l  

l y m p h a t i c s .  I n  a d d i t i o n ,  t h e y  o b s e r v e d  t h e  o c c u r r e n c e  of  

e x t r a  p e r i t o n e a l  c o l l e c t i o n s  of  dye i n  t h e  g r e a t e r  omentum 

and some a r e a s  o f  t h e  m e s e n t e r y .

S a l d e e n  ( 1 9 6 3 )  s t u d i e d  t h e  anat omy of  t h e  l y m p h a t i c  

p a t h w a y s  f r om t h e  p e r i t o n e a l  c a v i t y  i n  t h e  r a t  by i n j e c t i n g  

c o l l o i d a l  s i l v e r ,  and r e c o g n i s e d  f o u r  l ymph r o u t e s :  

p a r a s t e r n a l ,  p a r a v e r t e b r a l ,  m e d i a s t i n a l  and r e t r o p e r i t o n e a l  

r o u t e s .  The f i r s t  t h r e e  r an c r a n i a l l y  t o  d r a i n  i n t o  t h e  

m e d i a s t i n a l  l ymph n o d e s ,  wh i ch  wer e  s i t u a t e d  a d j a c e n t  t o  

t h e  t hymus g l a n d  and were  u s u a l l y  6 - 1 0  i n  number .  These  

nodes wer e  s t a i n e d  a f t e r  5 m i n u t e s .  The f o u r t h  and l a s t  

l ymph r o u t e  " t h e  r e t r o p e r i t o n e a l "  ran f r om t h e  d i a p h r a g m  

c a u d a l l y  t o  d r a i n  i n t o  a gr oup  of  nodes s i t u a t e d
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i m m e d i a t e l y  t o  t h e  l e f t  o f  t h e  c i s t e r n a  c h y l i ,  i . e .  t h e  

c i s t e r n a l  l ymph nodes wh i ch  wer e  1 - 5  i n  numbe r .  Somet i mes  

1 - 5  l ymph n o d e s ,  s i t u a t e d  i m m e d i a t e l y  t o  t h e  r i g h t  of  t h e  

c i s t e r n a  c h y l i  ( i n t e s t i n a l  l ymph n o d e s ) ,  wer e  a l s o  s t a i n e d .  

These  n o d e s ,  w h e t h e r  t h e  c i s t e r n a l  or  t h e  i n t e s t i n a l  n o d e s ,  

wer e  s t a i n e d  a f t e r  10 m i n u t e s .  Ho we v e r ,  a f t e r  an i n t e r v a l  

of  15 m i n u t e s ,  s m a l l  amount s  o f  s i l v e r  c o u l d  a l s o  be 

d e m o n s t r a t e d  i n  t h e  c i s t e r n a  c h y l i .  He added t h a t  t h e  b u l k  

o f  s i l v e r  had r e a c h e d  t h e  m e d i a s t i n a l  l ymph n o d e s ,  more 

o f t e n ,  v i a  t h e  p a r a s t e r n a l  l ymph v e s s e l s .  H i s t o l o g i c a l  

e x a m i n a t i o n  r e v e a l e d  l a r g e  a c c u m u l a t i o n s  o f  t h e  i n j e c t e d  

s i l v e r  i n  t h e  m e d i a s t i n a l  l ymph n ode s .  The d e p o s i t s  wer e  

u s u a l l y  s m a l l e r  i n  t h e  c i s t e r n a l  and s m a l l e s t  i n  t h e  

i n t e s t i n a l ,  l ymph n ode s .

I n  t h e  f o l l o w i n g  y e a r ,  O l i n  and S a l d e e n  ( 1 9 6 4 )

c o n f i r m e d  t h e s e  f i n d i n g s  by l y mp h o g r a p h y  a f t e r  

i n t r a p e r i t o n e a  I i n j e c t i o n  o f  t h o r i u m  d i o x i d e  ( T h o r o t r a s t )  

i n  t h e  r a t .  Ho we v e r ,  i n  a d d i t i o n ,  t h e  t h o r a c i c  d u c t  was 

n e v e r  v i s u a l i s e d  on t h e  r a d i o g r a m s  f o l l o w i n g  t h e  i n j e c t i o n ,  

and t h e y  t h e r e f o r e  c o n c l u d e d  t h a t  most  of  t h e  lymph i n  t h e  

t h o r a c i c  d u c t  o r i g i n a t e d  f r om t h e  i n t e s t i n e ,  and not  f r om  

t h e  d i a p h r a g m .  They a l s o  f ound t h a t  bo t h  t h e  l i v e r  and

s p l e e n  wer e  f r e q u e n t l y  o p a c i f i e d  i n  t h e  r a d i o g r a m s ,  wh i ch

on m i c r o s c o p i c  e x a m i n a t i o n ,  r e v e a l e d  t h e  p r e s e n c e  of  

t h o r i u m  d i o x i d e  d e p o s i t s  i n  t h e  par enchyma of  bo t h  o r g a n s .

As p a r t  o f  a g e n e r a l  s t u d y  o f  l y m p h a t i c  d r a i n a g e  i n  

t h e  r a t ,  T i l n e y  ( 1 9 7 1 )  i n v e s t i g a t e d  d r a i n a g e  f r om t h e
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p e r i t o n e a l  c a v i t y  by i n j e c t i n g  p o n t a mi n e  sky b l u e  or  

c o l l o i d a l  c a r b o n  i n t o  t h e  p e r i t o n e a l  c a v i t y .  He f o u n d :

1)  t h a t  t h e  p a r a t h y m i c  l ymph nodes wh i c h  a r e  embedded i n  

f a t  on t h e  l a t e r a l  a s p e c t  o f  t h e  t h y mi c  c a p s u l e ,  d r a i n e d  

t h e  t hymus g l a n d ,  t h e  p e r i t o n e a l  c a v i t y  and t h e  s u p e r i o r  

s u r f a c e  o f  t h e  l i v e r  and i t s  c a p s u l e  t h r o u g h  t h e  l a r g e  

p a r a s t e r n a l  l ymph c h a n n e l s .  These c h a n n e l s  c o l l e c t e d  t h e  

e f f l u e n t  l ymph f r om an e x t e n s i v e  l y m p h a t i c  p l e x u s  on t h e  

p l e u r a l  s u r f a c e  o f  t h e  d i a p h r a g m ;  2)  t h e  p o s t e r i o r  

m e d i a s t i n a l  l ymph nodes l a y  a d j a c e n t  t o  t h e  oesophagus  on 

t h e  r i g h t ,  and t o  t h e  l e f t  s u p e r i o r  vena cava on t h e  l e f t  

s i d e .  The r i g h t  node was u s u a l l y  t h e  l a r g e r ;  b o t h  d r a i n e d  

t h e  t h o r a c i c  v i s c e r a ,  p l e u r a l  s p a c e ,  p e r i c a r d i u m  and t h e  

t hymus g l a n d ;  3 )  s ma l l  p a r a v e r t e b r a l  nodes wer e  f ound  

i n c o n s t a n t l y  b e h i n d  t h e  p u l mo n a r y  v e s s e l s .  They r e c e i v e d  

l ymph f r o m t h e  d i a p h r a g m a t i c  p l e x u s  and wer e  j o i n e d  by 

i n t e r c o s t a l  l y m p h a t i c s ,  and s e n t  e f f e r e n t  l ymph c h a n n e l s  t o  

t h e  p o s t e r i o r  m e d i a s t i n a l  nodes ;  4)  t h e  c i s t e r n a l  g r o u p ,  

an i n c o n s t a n t  c l u s t e r  of  m i n u t e  lymph n o d e s ,  l a y  r o s t r a l  t o  

t h e  l e f t  r e n a l  v e i n ,  and d r a i n e d  t h e  s u p r a r e n a l  g l a n d ,

r e t r o p e r i t o n e u m  or  d i a p h r a g m ,  and e m p t i e d  i n t o  e i t h e r  r e n a l  

n o d e .

The r o l e  p l a y e d  by t h e  t h o r a c i c  d u c t  i n  p e r i t o n e a l

a b s o r p t i o n  seems t o  d i f f e r  s l i g h t l y  be t wee n  v a r i o u s  s p e c i e s

and f o r  d i f f e r e n t  s u b s t a n c e s  (Abdou e t  a l . ,  1 9 5 2 ;  C o u r t i c e  

& S t e i n b e c k ,  1 9 5 0 ;  C o u r t i c e  e t  a l . ,  1 9 5 3 ;  S a l d e e n ,  1 9 6 3 ) .  

I n  t h e  r a t  72% of  i n t r a p e r i t o n e a I l y  i n j e c t e d  pl asma p r o t e i n  

r e a c h e d  t h e  b l o o d  by r o u t e s  o t h e r  t h a n  t h e  t h o r a c i c  d u c t ;
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a t  t h e  same t i m e  as 28% was f ound i n  t h e  t h o r a c i c  d u c t  

( Abdou e t  a l . ,  1 9 5 2 ) .  The c o r r r e s p o n d i n g  v a l u e s  f o r  

e r y t h r o c y t e s ,  h o w e v e r ,  wer e  75% and 25% ( S a l d e e n ,  1 9 6 3 ) .  

I n  t h e  c a t  20% of  i n t r a p e r i t o n e a l l y  i n j e c t e d  l a b e l l e d  

p l asma  p r o t e i n  a p p e a r e d  i n  t h e  t h o r a c i c  d u c t  ( C o u r t i c e  & 

S t e i n b e c k ,  1 9 5 0 )  and o n l y  a mi n o r  p o r t i o n  o f  a dose o f  

e r y t h r o c y t e s ,  i n j e c t e d  by t h e  same r o u t e  ( C o u r t i c e  e t  a l . ,  

1 9 5 3 ) .  O l i n  and S a l d e e n  ( 1 9 6 4 ) ,  h o w e v e r ,  c o u l d  n o t  

v i s u a l i s e  t h e  t h o r a c i c  d u c t  on r a d i o g r a m s  f o l l o w i n g  

i n t r a p e r i t o n e a  I  i n j e c t i o n  o f  T h o r o t r a s t  i n  t h e  r a t .
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M A T E R I A L S  a n d  m e t h o d s

A t o t a l  o f  61 Swi ss  a l b i n o  r a t s ,  o f  b o t h  s exes  and 

f r o m a c l o s e d  c o l o n y  i n  t h e  D e p a r t m e n t ,  wer e  used i n  t h i s  

s t u d y -  T h e i r  ages r a n g e d  f r om newbor n t o  s i x  mont hs and 

t h e i r  w e i g h t s  f r om 5 - 3 5 0 g .  They wer e  d i v i d e d  i n t o  3 

g r o u p s ,  A,  B and C.

Gr oup A:

I n  a s t u d y  of  t h e  l y m p h a t i c  p a t h wa y s  f r om t h e  

p e r i t o n e a l  c a v i t y ,  each of  50 r a t s  r e c e i v e d  a s i n g l e  

i n t r a p e r i t o n e a  I ( I P )  i n j e c t i o n  o f  e i t h e r  d i l u t e d  i n d i a  i n k  

o r  3% p o n t a m i n e  sky b l u e ,  a t  a dose i n  each case  of  0 . 5 m l  

p e r  100g body w e i g h t .  The s i t e  of  i n j e c t i o n  was i n  t h e  

m i d l i n e  o f  t h e  i n f r a - u m b i l i c a l  r e g i o n .  A c o mme r c i a l  i n k  

was u s e d ,  d i l u t e d  1 : 3  w i t h  f r e s h l y  p r e p a r e d  s a l i n e ,

c e n t r i f u g e d  a t  3 0 00  R . P . M .  f o r  30 m i n u t e s  and t h e  

s u p e r n a t a n t  was f i l t e r e d  t h r o u g h  a Whatman No. 1 f i l t e r  

p a p e r .  T h i s  p r o c e d u r e  was r e p e a t e d  t h r e e  t i m e s  and t h e  

r e s i d u a l  i n k  was t h e n  l e f t  u n c o v e r e d  o v e r n i g h t  t o

e l i m i n a t e ,  as f a r  as p o s s i b l e ,  t o x i c  i m p u r i t i e s  such as 

ammonia u s u a l l y  p r e s e n t  i n  c o mme r c i a l  i n k .  B e f o r e  

i n j e c t i o n ,  t h e  f i n a l  s u s p e n s i o n  was once more f i l t e r e d  so 

t h a t  when i t  was s p r e a d  on a s l i d e  and e xami ned  u n d e r  t h e  

o p t i c a l  m i c r o s c o p e  i t  was shown t o  c o n s i s t  c h i e f l y  o f  

u n i f o r m l y  s i z e d  c a r b o n  p a r t i c l e s ,  about  0 . 5 - 1  urn i n  

d i a m e t e r .

Most  a n i m a l s  wer e  k i l l e d ,  a t  i n t e r v a l s  v a r y i n g  f r om  

5 - 6 0  m i n u t e s  a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n ,  by an
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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 ;  when t h e  e x p e r i m e n t  r e q u i r e d  

q u i c k  s a c r i f i c e ,  i . e .  1 ,  3 ,  or  5 m i n u t e s  a f t e r  i n j e c t i o n ,  

a n i m a l s  wer e  i n j e c t e d  v i a  a t a i l  v e i n  w i t h  Ne mb u t a l  ( Sod i um  

p e n t  a b a r b i t o n e )  a t  a dose o f  0 . 2 5 m l .

I n  a l l  c a s e s ,  t h e  a b d o mi n a l  and t h o r a c i c  c a v i t i e s  

wer e  opened and any r e s i d u a l  i n k  i n  t h e  p e r i t o n e a l  c a v i t y ,  

p a r t i c u l a r l y  o v e r  t h e  p e r i t o n e a l  s u r f a c e  o f  t h e  d i a p h r a g m ,

was r i n s e d  away by s a l i n e .  The v a s c u l a r  syst em was washed

f r e e  o f  b l o o d  by p e r f u s i o n  f o r  a bout  2 m i n u t e s  w i t h  

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  c h l o r i d e  as a 

v a s o d i l a t o r ,  t h r o u g h  a c a n n u l a  i n s e r t e d  i n  t h e  l e f t  

v e n t r i c l e ,  and an o p e n i n g  made i n  t h e  r i g h t  a t r i u m  t o  a l l o w  

w a s h - o u t  o f  t h e  b l o o d .  The l y m p h a t i c  p l e x u s  o f  t h e  

d i a p h r a g m ,  c o n t a i n i n g  t h e  t r a c e r ,  and t h e  d r a i n i n g  nodes i n  

b o t h  abdomen and t h o r a x ,  wer e  t h e n  e xa mi ned  u n d e r  a W i l d  

M400 b i n o c u l a r  d i s s e c t i n g  p h o t o m i c r o s c o p e  w i t h  a m a g n i f y i n g  

power  o f ,  as a r u l e ,  ab o u t  1 0 .  P h o t o g r a p h s  o f  t h e  d e s i r e d  

a r e a ,  a t  t h e  d e s i r e d  m a g n i f i c a t i o n ,  were  t a k e n  on 5"  x 4"  

s h e e t  f i l m .

A l l  a b d o mi n a l  o r g a n s  and t i s s u e s  c o v e r e d  w i t h  

v i s c e r a l  p e r i t o n e u m  wer e  a l s o  exa mi ne d  i n  s i t u  f o r  e v i d e n c e  

o f  s t a i n i n g ;  s p e c i a l  a t t e n t i o n  was p a i d  t o  t h e  d i a p h r a g m ,  

l i v e r ,  s p l e e n ,  m e s e n t e r y  and omentum.

Gr oup B:

For  m i c r o s c o p i c  s t u d i e s ,  5 a d u l t  r a t s  wer e  k i l l e d  1 ,  

3 ,  5 ,  15 and 20 m i n u t e s  a f t e r  i n t r a p e r i t o n e a I  i n j e c t i o n  o f

i n d i a  i n k  a t  t h e  same dose and i n  t h e  same manner  as

d e s c r i b e d  a b o v e .  A f t e r  wa s h i ng  out  t h e  b l o o d  by v a s c u l a r

243



p e r f u s i o n  w i t h  R i n g e r ' s  s o l u t i o n  f o r  a b o u t  2 m i n u t e s ,  

v a s c u l a r  p e r f u s i o n  was c o n t i n u e d  f o r  3 0 - 4 5  m i n u t e s  w i t h  t h e  

f i x a t i v e ,  a 5% s o l u t i o n  o f  g I u t a r a  I d e h y d e  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  a t  p H 7 . 4  . The p e r f u s i o n  s o l u t i o n  

c o n t a i n e d  d e x t r a n ,  40 . 000MW C F i s o n )  a t  a c o n c e n t r a t i o n  o f  

3- 5% W/ V,  t o  l i m i t  t h e  d e v e l o p m e n t  o f  i n t e r s t i t i a l  oedema.  

Or gans  and t i s s u e s  o f  s p e c i a l  i n t e r e s t ,  i . e .  i n t a c t  

d i a p h r a g m ,  t h e  d r a i n i n g  lymph n o d e s ,  l i v e r ,  s p l e e n ,  

oment um,  m e s e n t e r y  and p e r i t o n e a l  f a t  wer e  q u i c k l y  e x c i s e d  

and i mmer sed o v e r n i g h t  i n  t h e  same f i x a t i v e  as t h a t  used  

f o r  p e r f u s i o n .  The t i s s u e s  wer e  r i n s e d  s e v e r a l  t i m e s  i n  

p h o s p h a t e  b u f f e r  a n d ,  w h i l e  s t i l l  i n  b u f f e r ,  2-4mm p i e c e s  

o f  t h e  d i a p h r a g m  were  c ut  w i t h  a r a z o r  b l a d e  un d e r  t h e

b i n o c u l a r  d i s s e c t i n g  m i c r o s c o p e .  The b l o c k s  wer e  

o r i e n t a t e d  i n  such a way t h a t  t h e  p e r i t o n e a l  s u r f a c e  of  t h e  

d i a p h r a g m  f a c e d  upward and s e c t i o n s  wer e  cut  t h r o u g h  t h e

f u l l  t h i c k n e s s  of  t h e  d i a p h r a g m i n  a p l a n e  t r a n s v e r s e l y  t o  

i t s  m u s c u l a r  f i b r e s .  These b l o c k s  wer e  t h e n  p o s t - f i x e d  i n  

1% osmium t e t r o x i d e ,  d e h y d r a t e d  i n  a s c e n d i n g  g r a d e s  of  

e t h a n o l  and embedded i n  S p u r r ' s  r e s i n .  Semi t h i n  s e c t i o n s  

wer e  c u t  a t  1 - 1 . 5um i n  an i n t e r r u p t e d  s e r i e s  t h r o u g h  each  

o f  a b o u t  5 b l o c k s  f r om each r a t ,  g i v i n g  a t o t a l  o f  a b o u t  25

b l o c k s .  A l t e r n a t e  s l i d e s  were  s t a i n e d  w i t h  Azur  I I  and

w i t h  H a e m a t o x y l i n  and E o s i n ,  and t h e n  s t u d i e d  un d e r  t h e  

o p t i c a l  m i c r o s c o p e .

For  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 ,  s e l e c t e d  a r e a s  

f r om 7 b l o c k s  wer e  t r i mme d  down and u l t r a t h i n  s e c t i o n s  C60  

8 0 nm i n  t h i c k n e s s )  were  c u t ,  p i c k e d  up on u n c o a t e d  200 mesh
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c o p p e r  g r i d s  end 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 .  The s p e c i me n s  wer e  t h e n  v i e w e d  w i t h  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 .  Some p e r f u s e d - f i x e d  

d i a p h r a g m s  wer e  a l s o  p r o c e s s e d  f o r  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 e e  l a t e r ) .

Gr oup C:

I n  e l e v e n  a n i m a l s  a c o mp a r i s o n  was made,  u s i n g  SEM,  

b e t w e e n  t h e  v i s c e r a l  and p a r i e t a l  p e r i t o n e u m  and b e t we e n

t h e s e  and t h e  v i s c e r a l  and p a r i e t a l  p l e u r a .  The a n i m a l s

wer e  k i l l e d ,  d i s s e c t e d  and v a s c u l a r l y  washed out  as a l r e a d y  

d e s c r i b e d .  T i s s u e s  o f  s p e c i a l  i n t e r e s t  wer e  e x c i s e d  and 

f i x e d  by i mme r s i o n  i n  5 % g l u t a r a l d e h y d e  f o r  48 h o u r s .  I n  

some t i s s u e s  t h e  s e r o u s  f l u i d s  and p r o t e i n s  wer e  r emoved  

f r om t h e  m e s o t h e l i a l  l i n i n g  by a q u i c k  r i n s e  i n  nor ma l  

s a l i n e  p r i o r  t o  f i x a t i o n .  The t i s s u e s  i n c l u d e d :  p e r i t o n e a l  

and p l e u r a l  s u r f a c e s  of  t h e  d i a p h r a g m ,  l i v e r ,  s p l e e n ,  

a b d o m i n a l  w a l l ,  l u n g s ,  and c o s t a l  w a l l .  The t i s s u e s  wer e  

washed w e l l  i n  f r e s h  b u f f e r ,  o s m i c a t e d  i n  1% osmium 

t e t r o x i d e  i n  M i l l o n i g ' s  b u f f e r ,  d e h y d r a t e d  t h r o u g h  a g r a d e d  

s e r i e s  o f  e t h a n o l s ,  c r i t i c a l  p o i n t  d r i e d  i n  a P o l a r o n  

c a r b o n  d i o x i d e  bomb,  and mount ed on a l u mi n i u m s t u b s  u s i n g  

s i l v e r  or  c a r b o n  e l e c t r o n  c o n d u c t i v e  p a i n t .  The s pec i men s  

wer e  t h e n  c o a t e d  w i t h  g o l d  i n  a p o l a r o n  s p u t t e r  c o a t e r  and 

o b s e r v e d  i n  a JEOL T300 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 .

Two o f  t h e  a n i m a l s  used i n  t h i s  gr oup  wer e  18 and 20 

d a y - o l d  r a t  e mb r y o s ,  i n  wh i ch  t h e  d i a p h r a g m was r emoved and 

f i x e d  i n t a c t  by i mme r s i o n  i n  g l u t a r a l d e h y d e  and p r o c e s s e d  

f o r  SEM as d e s c r i b e d  b e f o r e .  T h i s  was i n  o r d e r  t o  s t u d y

245



t h e  d i f f e r e n c e ,  i f  a n y ,  b e t we e n  s u r f a c e  m e s o t h e l i u m  L i n i n g  

t h e  d i a p h r a g m  of  a d u l t  and embr yo r a t s ,  w i t h  p a r t i c u l a r  

r e f e r e n c e  t o  t h e  e x i s t e n c e  o f  p e r i t o n e a l  s t o m a t a .
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RESULTS

A.  GENERAL a r r a n g e m e n j  of  l y m p h a t i c s  i n  j h e  d i a p h r a g m

Bot h  p e r i t o n e a l  and p l e u r a l  s u r f a c e s  o f  t h e  d i a p h r a g m  

wer e  c o v e r e d  by a s i n g l e  l a y e r  of  f l a t t e n e d  m e s o t h e l i a l  

c e l l s .  I n d i a  i n k  i n j e c t e d  i n t r a p e r i t o n e a  I l y  r a p i d l y  

e n t e r e d  l y m p h a t i c s  o f  t h e  s u b p e r i t o n e a  I p l e x u s  of  t h e  

d i a p h r a g m ;  i n d e e d ,  as e a r l y  as one m i n u t e  a f t e r  i n j e c t i o n ,  

t h e y  wer e  e a s i l y  seen w i t h  t h e  naked e y e ,  beca us e  o f  t h e i r  

c o n t e n t  o f  i n k  p a r t i c l e s .  A f t e r  one hour  t h e y  became  

i n t e n s e l y  b l a c k e n e d  and more c l e a r l y  d e f i n e d .  When

e x a mi n e d  w i t h  t h e  d i s s e c t i n g  m i c r o s c o p e ,  t h e  s u b p e r i t o n e a l  

l y m p h a t i c  l a c u n a e ,  f i l l e d  w i t h  i n k  p a r t i c l e s ,  had a

c h a r a c t e r i s t i c  a p p e a r a n c e  ( F i g .  9 3 ) .  They wer e  l a r g e  

e l o n g a t e d  spaces  r u n n i n g  p a r a l l e l  t o  t h e  musc l e  f i b r e s  of  

t h e  d i a p h r a g m .  They wer e  s e p a r a t e  and not  c o n t i n u o u s  w i t h  

one a n o t h e r .  T h e i r  b o r d e r s  wer e  s h a r p l y  d e m a r c a t e d ,  so 

t h a t  l u c a n a r  a r e a s  c o u l d  be e a s i l y  d i s t i n g u i s h e d  f r om  

i n t e r - I a c u n a r  a r e a s  ( F i g .  9 3 ) .  They o c c u r r e d  e x c l u s i v e l y  

i n  t h e  m u s c u l a r  p a r t  o f  t h e  d i a p h r a g m and wer e  n e v e r  

o b s e r v e d  i n  t h e  t e n d i n o u s  p a r t .  I n  g e n e r a l ,  i n k  p a r t i c l e s  

wer e  d i s t r i b u t e d  e v e n l y  i n  l y m p h a t i c  l a c u n a e  of  bo t h  s i d e s  

o f  t h e  d i a p h r a g m .  The l y m p h a t i c  l a c u n a e  i n t e r c o m m u n i c a t e d  

a t  r e g u l a r  i n t e r v a l s  by t r a n s v e r s e  anas t omos e s  a t  a 

s l i g h t l y  d e e p e r  l e v e l  and t h e y  e m p t i e d  a t  a s t i l l  d e e p e r

l e v e l ,  i n t o  a r i c h  p l e x u s  o f  v a l v e d  c o l l e c t i n g  v e s s e l s ,

wh i c h  may be d e s i g n a t e d ,  a c c o r d i n g  t o  t h e i r  p o s i t i o n ,  as 

i n t e r m u s c u I  a r  and p e r i v a s c u l a r  c o l l e c t i n g  l y m p h a t i c s .
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A s i m i l a r  a r r a n g e m e n t  was f ound  on t h e  p l e u r a l  

s u r f a c e  o f  t h e  d i a p h r a g m ,  where  a s u b p l e u r a l  l y m p h a t i c  

p l e x u s  a l s o  d r a i n e d  i n t o  t h e  d e e p e r  c o l l e c t i n g  v e s s e l s  

l o c a t e d  b e t we e n  mu s c l e  f i b r e s  o f  t h e  d i a p h r a g m -  D r a i n a g e  

f r o m t h e  d e e p e r  c o l l e c t i n g  l y m p h a t i c s  of  t h e  d i a p h r a g m was 

v i a  s e v e r a l  e f f e r e n t  l ymph t r u n k s  t o  l ymph nodes l o c a t e d  i n  

t h o r a c i c ,  as w e l l  as a b d o m i n a l ,  c a v i t i e s  ( F i g s -  1 0 3 - 1 0 7 ) .  

A s m a l l  p l e x u s  o f  t h i n - w a l l e d  lymph v e s s e l s  was f r e q u e n t l y  

o b s e r v e d  b e h i n d  t h e  x i p h i - s t e r n u m .
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B- LYMPHATIC d r a i n a g e  r o u t e s  from t h e  d i a p h r a g m

I n k  p a r t i c l e s  wer e  a b s o r b e d  r a p i d l y  by t h e  

s u b p e r i t o n e a  I l y m p h a t i c s  o f  t h e  d i a p h r a g m and d i s t r i b u t e d  

v i a  f o u r  l ymph d r a i n a g e  r o u t e s ;  i n  o r d e r  of  i m p o r t a n c e  t h e y  

w e r e :

^  B § L r o s t e r n a l :  These  p a i r e d  l y m p h a t i c  t r u n k s  wer e

c o n s t a n t l y  seen i n  a l l  t h e  a n i m a l s  s t u d i e d ,  u s u a l l y  as 

one t r u n k  on each s i d e  of  t h e  s t e r n u m .  O c c a s i o n a l l y ,  

e i t h e r  t r u n k  may d i v i d e  i n t o  two lymph v e s s e l s .  These  

r e t r o s t e r n a l  l ymph t r u n k s  r a n ,  c l a s s i c a l l y ,  p a r a l l e l  t o  

t h e  i n t e r n a l  mammary b l o o d  v e s s e l s .  The i n t e n s i t y  of  

t h e  dye and t h e  c a l i b r e  of  t h e s e  v e s s e l s  wer e  u s u a l l y  

g r e a t e r  i n  c o mp a r i s o n  w i t h  o t h e r  r o u t e s  f r om t h e  

d i a p h r a g m .  I n  a l mo s t  a l l  t h e  a n i m a l s ,  t h e  r e t r o s t e r n a l  

l ymph t r u n k s  d r a i n e d  i n t o  t h e  upper most  p a r a t h y m i c  

l ymph node by b r a n c h i n g  i n t o  3 - 8  t e r m i n a l  s m a l l

a f f e r e n t  L y m p h a t i c s .  D e s c e n d i n g  d i s t r i b u t i o n  o f  dye

f r o m t h e  u p pe r most  p a r a t h y m i c  node t o  nodes be l ow i n  

t h e  same s i d e ,  was f r e q u e n t l y  o b s e r v e d  ( F i g s .  106 &

1 0 7 )  .

2 > r o g e r i t o n e  a I : The l e f t  r e t r o p e r i t o n e a l  l y m p h a t i c s ,

u s u a l l y  1 - 3  s ma l l  t r u n k s ,  were  o b s e r v e d  i n  more t h a n  

t h r e e  q u a r t e r s  of  t h e  a n i m a l s  i n j e c t e d

i n t r a p e r i t o n e  a 11y ( F i g s .  1 0 3 - 1 0 7 ) .  They pass c a u d a l l y  

f r om t h e  p o s t e r i o r  p a r t  o f  t h e  d i a p h r a g m and descend  

o v e r  i t s  l e f t  c r u s  t o  d r a i n  u s u a l l y  i n t o  one l a r g e ,

c i s t e r n a l  node .  E f f e r e n t  l ymph f r om t h i s  node d r a i n e d



i n t o  t h e  l e f t  r e n a l  node ( F i g s .  1 0 3 - 1 0 7 ) .  No d i r e c t  

l ymph d r a i n a g e  was o b s e r v e d  f r om t h e  d i a p h r a g m  t o  t h e  

l e f t  r e n a l  node .  The c o r r e s p o n d i n g  r e t r o p e r i t o n e a l  

l y m p h a t i c s  on t h e  r i g h t  s i d e  wer e  seen l e s s  f r e q u e n t l y  

( i n  a b o u t  20% of  i n j e c t e d  a n i m a l s ) ,  bu t  t h e y  o f t e n  

d r a i n e d  d i r e c t l y  i n t o  t h e  r i g h t  r e n a l  node .  

i Q L e r c g s t o - g a r a v e r t e b r a l :  The p a r a v e r t e b r a l  l y m p h a t i c

t r u n k s  wer e  o b s e r v e d  i n  two t h i r d s  o f  t h e  a n i m a l s ,  

f o l l o w i n g  I P i n j e c t i o n  o f  i n k ,  p r e d o m i n a n t l y  on t h e  

l e f t  s i d e  ( F i g s .  1 0 3 ,  105 & 1 0 6 ) .  These were  p a i r e d

l y m p h a t i c s  o f  v a r i a b l e  c a l i b r e ,  o c c a s i o n a l l y  l a r g e r  

t h a n  t h e  r e t r o s t e r n a l  l ymph v e s s e l s ,  and l y i n g  i n  t h e  

p a r a v e r t e b r a l  p o s i t i o n  b e h i n d  t h e  p u l mo n a r y  v e s s e l s .  

When e x a mi n e d  c a r e f u l l y  under  t h e  d i s s e c t i n g  

m i c r o s c o p e ,  t h e  p a r a v e r t e b r a l  l y m p h a t i c s  showed s ma l l  

d i l a t a t i o n s  l o c a t e d  a t  t h e  l e v e l  of  p o s t e r i o r  

i n t e r c o s t a l  s paces  and j o i n e d  t o  one a n o t h e r  by a 

n e t w o r k  o f  s m a l l  a n a s t o mo s i n g  lymph v e s s e l s .  The  

p a r a v e r t e b r a l  l y m p h a t i c s  f i n a l l y  d r a i n e d ,  as a r u l e ,  

i n t o  t h e  p o s t e r i o r  m e d i a s t i n a l  node by 2 - 3  v e s s e l s .  No 

t r a n s v e r s e  c o n n e c t i o n s  wer e  o b s e r v e d  b e t we e n  t h e  

p a r a v e r t e b r a l  l y m p h a t i c s  of  t h e  two s i d e s .  The 

i n t e r c o s t a l  l y m p h a t i c s  were seen i n  a bout  one t h i r d  o f  

t h e  i n t r a p e r i t o n e a l l y  i n j e c t e d  a n i m a l s  ( F i g s .  1 0 3 ,  105  

& 1 0 6 ) .  They were  s ma l l  v e s s e l s ,  1 - 3  i n  number ,  wh i ch  

d r a i n e d  t h e  d o r s o - l a t e r a l  p a r t  of  t h e  d i a p h r a g m and r an  

p o s t e r i o r l y  i n  t h e  i n t e r c o s t a l  spaces  t o  empty i n t o  t h e  

p a r a v e r t e b r a l  l ymph v e s s e l s  ( F i g .  1 0 5 ) .  I n  e f f e c t ,



t h e r e f o r e ,  t h e  p a r a v e r t e b r a l  and i n t e r c o s t a l  l y m p h a t i c s  

f o r me d  one sys t em wh i ch  d r a i n e d  i n t o  t h e  p o s t e r i o r  

m e d i a s t i n a l  n o d e s .

4 )  M e d i a s t i n a l :  T h i s  l y m p h a t i c  r o u t e  was o b s e r v e d  i n  h a l f

o f  t h e  i n j e c t e d  a n i m a l s ,  u s u a l l y  as n a r r o w p a i r e d  

v e s s e l s .  They a c c o mp a n i e d  t h e  p h r e n i c  n e r v e  and b l o o d  

v e s s e l s  i n  t h e  m e d i a s t i n a l  f a t ,  and d r a i n e d  i n t o  one o f  

t h e  p a r a t h y m i c  nodes ( F i g s .  106 & 1 0 7 ) .

I n  a b o u t  20% of  t h e  i n j e c t e d  a n i m a l s ,  t h e  p o s t e r i o r  

g a s t r i c  node showed a t i n g e  o f  d a r k e n i n g  w i t h  i n k  

p a r t i c l e s ,  and t h e i r  a f f e r e n t  l ymph v e s s e l s  seemed t o  come 

f r o m t h e  oment um.  No c o n n e c t i o n s  w h a t s o e v e r  wer e  o b s e r v e d  

b e t w e e 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  and t h e  t h o r a c i c  d u c t .  

No o t h e r  l ymph nodes i n  t h e  abdomen showed any d e g r e e  of  

b l a c k e n i n g  w i t h  i n k .

I n  a l l  i n j e c t e d  a n i m a l s ,  t h e  t h o r a c i c  c a v i t y  was f r e e  

f r o m c o l o u r a t i o n  e x c e p t  f o r  t h e  p a r a t h y m i c  and p o s t e r i o r  

m e d i a s t i n a l  nodes and t h e i r  c o r r e s p o n d i n g  a f f e r e n t  

l y m p h a t i c  t r u n k s  a r i s i n g  f r om t h e  d i a p h r a g m ( F i g s .  1 0 5 ,  106  

& 1 0 7 ) .  Ho we v e r ,  i n  t h e  a b d o mi n a l  c a v i t y ,  i n  a d d i t i o n  t o  

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  and t h e i r  d r a i n i n g  n o d e s ,  

o t h e r  o r g a n s  and t i s s u e s  showed a v a r i a b l e  d e g r e e  of  b l a c k  

c o l o u r a t i o n ,  i . e .  omentum i n  100%;  p e r i t o n e a l  f a t  i n  80%;  

m e s e n t e r y  and me sov a r i um i n  70%;  and l i v e r  and s p l e e n  i n  

50% o f  i n t  r a p e r i  t o n e a I l y  i n j e c t e d  r a t s .  The v i s c e r a l  

p e r i t o n e u m  o f  t h e  l i v e r  and s p l e e n  r e t a i n e d  t h e  i nk  i n  a 

c h a r a c t e r i s t i c  mosa i c  p a t t e r n ,  whi ch  was even more e v i d e n t  

a f t e r  i n j e c t i n g  p o n t a mi n e  sky b l u e ,  r a t h e r  t h a n  i n d i a  i n k .
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I n  a r o u n d  one q u a r t e r  o f  t h e  i n j e c t e d  a n i m a l s ,  t h e  p a r i e t a l  

p e r i t o n e u m  l i n i n g  t h e  a b d o m i n a l  w a l l  a l s o  showed some 

r e t e n t i o n  o f  t h e  i n k ,  b u t  i n  an i r r e g u l a r  f a s h i o n .

The g e n e r a l  p a t t e r n  o f  l ymph d r a i n a g e  f r om t h e  

p e r i t o n e a l  c a v i t y  o f  newbor n and young r a t s  was i d e n t i c a l  

t o  t h a t  i n  t h e  a d u l t s .
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c - L IGHT MICROSCOPIC OBSERVATIONS

I n  semi  t h i n  t r a n s v e r s e  s e c t i o n s  o f  t h e  d i a p h r a g m ,  a 

s i n g l e  l a y e r  o f  m e s o t h e l i a l  c e l l s  was o b s e r v e d  l i n i n g  i t s  

p e r i t o n e a l  and p l e u r a l  s u r f a c e s  ( F i g s .  9 4 - 9 8 ) .  The c e l l s  

r e s t e d  on a c o n n e c t i v e  t i s s u e  m a t r i x  w i t h i n  wh i ch  l a y  a

r i c h  p l e x u s  o f  l y m p h a t i c  l a c u n a e .  I n  s e c t i o n s  f r om v a r i o u s

a r e a s  o v e r l y i n g  t h e  m u s c u l a r  p o r t i o n  o f  t h e  d i a p h r a g m ,  two  

m o r p h o l o g i c a l l y  d i f f e r e n t  p r o f i l e s  o f  m e s o t h e l i a l  c e l l s  

wer e  see n:  I n  one ( i n t e r - l a c u n a r  a r e a ) ,  t h e  c y t o p l a s m

a p p e a r e d  e x t r e m e l y  a t t e n u a t e d  o v e r  ma j o r  a r e a s  o f  t h e  c e l l ,  

w h i l e  i n  t h e  o t h e r  ( l a c u n a r  a r e a ) ,  t h e  c e l l s  had a

c u b o i d a l  p r o f i l e ,  and f o r me d  dome - s hape d  c o n t o u r s  

p r o j e c t i n g  above  t h e  s u r f a c e  o f  t h e  d i a p h r a g m ( F i g s .  97 & 

9 8 ) .  For  t h e  most  p a r t ,  t h e  c u b o i d a l  c e l l s  wer e  o b s e r v e d  

d i r e c t l y  o v e r  t h e  s u b m e s o t h e l i a l  l y m p h a t i c  l a c u n a e ,  w h i l e  

t h e  more f l a t t e n e d  c e l l s  c o v e r e d  t h e  r e m a i n i n g  a r e a s  o f  t h e  

d i a p h r a g m  wh i c h  l a c k  s u b m e s o t h e l i a l  l y m p h a t i c  l a c u n a e .

1 - 3  m i n u t e s  a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n  of  i n d i a  

i n k ,  t r a c e s  o f  c a r b o n  p a r t i c l e s  wer e  v i s i b l e  w i t h i n  t h e  

s u b m e s o t h e l i a l  l y m p h a t i c  l a c u n a e  of  t h e  d i a p h r a g m ;  i n  t h e

r e t r o s t e r n a l  l y m p h a t i c  t r u n k s  and w i t h i n  t h e  s u b - c a p s u l a r  

s i n u s e s  o f  t h e  p a r a t h y m i c  and c i s t e r n a l  l ymph nodes ( F i g s .  

9 6 ,  99 8 1 0 0 ) .  By 5 m i n u t e s  t h e s e  d e p o s i t s  wer e  heavy and

e x t e n d e d  i n t o  t h e  m e d u l l a y  s i n u s e s  of  bo t h  n oda l  g r o u p s ,  

b e i n g  s m a l l e r  i n  t h e  c i s t e r n a l  node .  Most  c a r b o n  p a r t i c l e s  

wer e  f r e e ;  h o w e v e r ,  some were  e n g u l f e d  by s i n u s o i d a l  

ma c r o p h a g e s  ( F i g s .  101 & 1 0 2 ) .  The number  of  c a r b o n - l a d e n
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ma c r o p h a g e s  i n c r e a s e d  i n  p r o p o r t i o n  t o  t h e  t i m e  i n t e r v a l s  

a f t e r  i nj  e c t i o n -

The v i s c e r a l  p e r i t o n e u m  c o v e r i n g  v a r i o u s  a b d o m i n a l  

o r g a n s  and t i s s u e s  was d i f f u s e l y  c o a t e d  w i t h  a g g r e g a t e s  o f  

c a r b o n ,  as was e v i d e n t  m a c r o s c o p i c a  I l y  5 - 1 5  m i n u t e s  a f t e r  

i n t r a p e r i t o n e a l  i n j e c t i o n -  The o me n t a l  m i l k  s p o t s ,  i n  

p a r t i c u l a r ,  wer e  q u i t e  h e a v i l y  l a d e n  w i t h  c a r b o n  a t  t h i s  

t i m e  i n t e r v a l ;  and m i c r o s c o p i c a l l y  t h e r e  wer e  s m a l l  

a g g r e g a t e s  o f  c a r b o n  w i t h i n  t h e  omentum-  The b o u n d a r i e s  of  

m e s o t h e l i a l  c e l l s  wer e  o u t l i n e d  by c a r b o n  p a r t i c l e s -  Some 

o f  t h e  p a r t i c l e s  wer e  a l s o  o b s e r v e d  w i t h i n  i n t e r s t i t i a l  

s p a c e s ,  s u r r o u n d i n g  f a t  c e l l s  o f  oment um,  m e s e n t e r y ,  and 

p e r i t o n e a l  f a t -  I n t r i n s i c  l y m p h a t i c s  of  t h e  omentum and 

m e s e n t e r y  c o n t a i n e d  o n l y  a f ew f i n e  p a r t i c l e s -  At  20 

m i n u t e s  a f t e r  i n j e c t i o n ,  K u p f f e r  c e l l s  o f  t h e  L i v e r  wer e  

a l s o  h e a v i l y  l a d e n  w i t h  c a r b o n -
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D- TRANSMISSION ELECTRON MICROSCOPIC OBSERVATIONS

The L i g h t  m i c r o s c o p i c  o b s e r v a t i o n s  wer e  c o n f i r m e d  and 

e x t e n d 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 .  The l u mi n a  

o f  t h e  s u b m e s o t h e l i a l  l y m p h a t i c  l a c u n a e  o f  t h e  d i a p h r a g m  

wer e  s e p a r a t e d  f r om t h e  p e r i t o n e a l  c a v i t y  by a t i s s u e  

b a r r i e r  c o n s i s t i n g ,  p r i n c i p a l l y ,  o f  c u b o i d a l  m e s o t h e l i a l  

c e l l s  w i t h  an u n d e r l y i n g  t h i n  basement  l a m i n a ;  a

f e n e s t r a t e d  l a y e r  o f  e l a s t i c  t i s s u e ;  b u n d l e s  o f  c o l l a g e n o u s

f i b r e s  o f  v a r i a b l e  t h i c k n e s s ,  and a r a t h e r  t h i n  e n d o t h e l i a l  

c e l l  l a y e r  ( F i g s .  1 1 0 - 1 1 4 ) .  These f o u r  p r i n c i p a l  l a y e r s

f o r me d  t h e  s o - c a l l e d  r o o f  of  t h e  l y m p h a t i c  La cuna .

The n u c l e i  of  c u b o i d a l  m e s o t h e l i a l  c e l l s  wer e  l a r g e

and p a l e l y  s t a i n e d ,  w i t h  p e r i p h e r a l l y  a r r a n g e d  c h r o m a t i n .  

T h e i r  c y t o p l a s m  was a b u n d a n t  i n  t h e  a r e a  of  t h e  n u c l e u s  

w i t h  many i n t r a c y t o p l a s m i c  v a c u o l e s ,  and v e r y  t h i n  a t  t h e  

c e l l  m a r g i n s  ( F i g s .  1 1 3 - 1 1 7 ) .  These c e l l s  d i s p l a y e d  many 

m i c r o v i l l i  on t h e i r  f r e e  s u r f a c e .  On t h e  o t h e r  ha nd ,  

m e s o t h e l i a l  c e l l s  f r om i n t e r - l a c u n a r  r e g i o n s  wer e  more  

f l a t t e n e d  and had more d a r k l y  s t a i n e d  n u c l e i  ( F i g .  1 0 9 ) .

W h i l e  many u l t r a t h i n  s e c t i o n s  f r om t h e  l a c u n a r  r e g i o n  

of  t h e  d i a p h r a g m showed t h e  m e s o t h e l i a l  l i n i n g  t o  be 

c o n t i n u o u s  ( F i g s .  1 1 0 - 1 1 4 ) ,  many a r e a s  were o b s e r v e d  i n  

wh i c h  t h e  p e r i t o n e a l  c a v i t y  was c o n t i n u o u s  w i t h  t h e  

l y m p h a t i c  l a c u n a e  a t  t h e  s i t e  of  s t oma t a  ( F i g s .  1 1 7 ,  118  & 

1 1 9 ) .  H e r e ,  a c o n t i n u o u s  c h a n n e l  was p r o duc e d  where  t h e  

u n d e r l y i n g  l y m p h a t i c  e n d o t h e l i u m  e x t e n d e d  up t o  t h e  

p e r i t o n e a l  s u r f a c e  of  t h e  d i a p h r a g m t o  become d i r e c t l y
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c o n t i n u o u s  w i t h  t h e  s u r f a c e  m e s o t h e l i u m  ( F i g s .  117 & 1 1 8 ) .  

He r e  t h e  m e s o t h e l i a l  b a s a l  l a mi n a  and t h e  c o l l a g e n o u s

f i b r e s  wer e  a b s e n t .  The j u n c t i o n a l  c o n t a c t s  b e t we e n  t h e s e  

t wo d i f f e r e n t  c e l l  t y p e s  wer e  ma c u l a e  a d h e r e n t e s

( desmosomes)  s i m i l a r  t o  t h o s e  o b s e r v e d  b e t we e n  a d j a c e n t  

m e s o t h e l i a l  c e l l s  and b e t we e n  a d j a c e n t  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 .  T h i s  i n t i m a t e  a s s o c i a t i o n  b e t we e n

m e s o t h e l i a l  and 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  p r o v i d e d  a

d i r e c t  p a ss a gewa y  b e t we e n  t h e  p e r i t o n e a l  c a v i t y  and 

d i a p h r a g m a t i c  l y m p h a t i c  l a c u n a e .  I n  such a r e a s ,

i n t r a p e r i t o n e a l l y  i n j e c t e d  c a r b o n  p a r t i c l e s  had d i r e c t

a c c e s s  t o  t h e  l y m p h a t i c  l umi na  ( F i g s .  1 1 7 ,  118 & 1 1 9 ) .

The u l t r a s t r u c t u r e  of  l ymph v e s s e l s  and c a p i l l a r i e s

o f  t h e  d i a p h r a g m  was ,  i n  g e n e r a l ,  s i m i l a r  t o  l y m p h a t i c s  

e l s e w h e r e  as d e s c r i b e d  by s e v e r a l  w o r k e r s  ( C a s l e y - S m i t h ,  

1 9 6 4 ,  1 9 6 7 ;  Leak  & B u r k e ,  1 9 6 6 ,  1 9 6 8 ;  W e i s s ,  1 9 8 3 ;  Y o f f e y  & 

C o u r t i c e ,  1 9 7 0 ) .  T h e i r  e n d o t h e l i a l  c e l l  c y t o p l a s m

c o n t a i n e d  numerous p i n o c y t o t i c  v e s i c l e s ,  and t h e  c e l l  

m a r g i n s  wer e  j o i n e d  by o v e r l a p p i n g  and i n t e r d i g i t a t i n g  

j u n c t i o n s  ( F i g s .  123 8 1 2 4 ) .  P a t e n t  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  were  a l s o  o b s e r v e d  ( F i g .  1 2 5 ) .  

They showed a n c h o r i n g  f i l a m e n t s  be t wee n  t h e i r  e n d o t h e l i a l

c e l l s  and t h e  s u r r o u n d i n g  c o l l a g e n o u s  f i b r e s  ( F i g s .  123 8

1 2 4 )  .

I n c i d e n t a l l y ,  b l o o d  c a p i l l a r i e s  w i t h  few

f e n e s t r a t i o n s  wer e  o b s e r v e d  i n  t h e  d i a p h r a g m ( F i g s .  121 8 

1 2 2 ) .  T h e i r  u l t r a s t r u c t u r e  was i d e n t i c a l  t o  t h a t  r e p o r t e d  

e l s e w h e r e  by o t h e r  w o r k e r s  ( S i m i o n e s c u  8 S i m i o n e s c u ,  1 9 8 3 ) .
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E . SCANNING ELECTRON MICROSCOPIC OBSERVATIONS

The 3 - d i m e n s i o n a l  i mages  o f  t h e  p e r i t o n e a l  s u r f a c e  o f  

t h e  d i a p h r a g m  a l s o  c o n f i r m e d  a n o n - u n i f o r m  d i s t r i b u t i o n  o f  

t h e  m e s o t h e l i a l  c e l l s  o v e r  i t s  s u r f a c e  ( F i g s .  1 2 6 ,  1 2 7 ,  132  

& 1 3 4 ) .  Ar e a s  i n  wh i c h  t h e  c e l l  a p i c e s  a p p e a r e d  r ounded

wer e  c l e a r l y  d i s t i n g u i s h a b l e  f r om t h o s e  a r e a s  o f  t h e  

d i a p h r a g m  t h a t  wer e  p o p u l a t e d  w i t h  v e r y  f l a t t e n e d  c e l l s .  

These  a r e a s  a r e  c l a s s i f i e d  as l a c u n a r  and i n t e r - l a c u n a r  

r e s p e c t i v e l y : -

1)  L a c u n a r  a r e a s

I n d i v i d u a l  m e s o t h e l i a l  c e l l s  o v e r l y i n g  l y m p h a t i c  

l a c u n a e  wer e  e a s i l y  d i s t i n g u i s h e d  ( F i g s .  1 2 6 ,  127 & 1 3 4 ) .

T h e i r  b o u n d a r i e s  wer e  p r o m i n e n t  and t h e  c e n t r a l  r e g i o n  of  

each c e l l ,  c o n t a i n i n g  t h e  n u c l e u s ,  p r o t r u d e d  ( F i g s .  1 2 8 ,  

130  & 1 3 3 - 1 3 7 ) .  On t h e  a p i c a l  s u r f a c e s  o f  t h e s e  c u b o i d a l

c e l l s  wer e  many m i c r o v i l l i .  They a l s o  d i s p l a y e d  e l a b o r a t e  

c y t o p l a s m i c  p r o c e s s e s  wh i ch  e x t e n d e d  f r om t h e i r  l a t e r a l  

b o r d e r s ,  so t h a t  p r o c e s s e s  f r om a d j a c e n t  c u b o i d a l  c e l l s  

i n t e r l a c e d  t o  f or m a v e r y  f i n e  a n a s t o mo s i n g  n e t w o r k  w i t h  

numer ous  i n t e r c e l l u l a r  c h a n n e l s  be t wee n  them ( F i g s .  128 &

1 3 6 )  .

Many a r e a s  o f  t h e  m e s o t h e l i a l  l a c u n a r  r o o f  wer e  

p o p u l a t e d  w i t h  p o r e s  or  o p e n i n g s  t h a t  o c c u r r e d  a t  t h e  

j u n c t i o n  o f  s e v e r a l  m e s o t h e l i a l  c e l l s  ( F i g s .  1 3 0 - 1 3 7 ) .  

These  wer e  o v a l  or  r o u n d - s h a p e d  p r e f o r m e d  o p e n i n g s  wh i ch  

me as ur e d  4 - 1 0  urn i n  d i a m e t e r .  T h e i r  s i z e  and shape v a r i e d  

i n  d i f f e r e n t  s pec i mens  d e p e n d i n g  on t h e  s t a t e  of  t h e
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d i a p h r a g m  a t  t h e  t i m e  o f  f i x a t i o n .  Some of  t h e  p or e s  

a p p e a r e d  as s h a l l o w  p i t s  wh i ch  expose d  p a r t s  o f  c e l l s  o f  

t h e  s u b m e s o t h e l i a l  c o n n e c t i v e  t i s s u e ,  w h i l e  o t h e r s  wer e  

q u i t e  d e e p ,  t o o  deep t o  be a d e q u a t e l y  e xa mi ned  w i t h  t h e  

SEM,  f o r m i n g  c h a n n e l s  wh i c h  a p p e a r e d  t o  open i n t o  t h e

u n d e r l y i n g  l y m p h a t i c  l a c u n a e  ( F i g s .  1 3 0 - 1 3 7 ) .  These

s p e c i a l  o p e n i n g s  b e t we e n  a d j a c e n t  c u b o i d a l  m e s o t h e l i a l  

c e l l s  c o r r e s p o n d  t o  t h e  " s t o m a t a "  d e s c r i b e d  o r i g i n a l l y  by 

Von R e c k l i n g h a u s e n  ( 1 8 6 2 ) .  I n  a n i m a l s  i n j e c t e d

i n t r a p e r i t o n e a  I l y  w i t h  i n d i a  i n k ,  c i r c u l a r  p o r e s  or  s t oma t a  

wer e  v e r y  p r o m i n e n t  i n  t h e  p e r i t o n e a l  s u r f a c e  of  t he

d i a p h r a g m .  Car bon p a r t i c l e s  and e r y t h r o c y t e s  were  

o b s e r v e d  a t  t h e  p o r t a l s  o f  t h e  c i r c u l a r  s t o ma t a  a p p a r e n t l y  

i n  t h e  p r o c e s s  o f  e n t e r i n g  t h e  p or e s  ( F i g s .  128  & 1 3 9 ) ,  and 

w i t h i n  t h e  d e e p e r  r e c e s s e s  of  t h e  u n d e r l y i n g  l y m p h a t i c  

l a c u n a e  ( F i g .  1 2 9 ) .

2 )  i Q t e r - l a c u n a r  a r e a s

M e s o t h e l i a l  c e l l s  o v e r l y i n g  i n t e r - l a c u n a r  r e g i o n s  

f o r me d  a c o n t i n u o u s  f l a t  s u r f a c e  ( F i g s .  126 & 1 2 7 ) .  They  

wer e  c o v e r e d  w i t h  v a r i a b l e  numbers of  m i c r o v i l l i ,  and t h e  

o u t l i n e s  o f  i n d i v i d u a l  c e l l s  were  i l l - d e f i n e d .

I n c i d e n t a l l y ,  p e r i t o n e a l  mast  c e l l s  wer e  not  

uncommonl y  seen i n  t h e  d i a p h r a g m a t i c  p e r i t o n e u m  ( F i g s .  142  

& 1 4 3 )  and i n  t h e  v i s c e r a l  p e r i t o n e u m  of  t h e  l i v e r  ( F i g .

1 5 5 )  .

O t h e r  s e r o u s  m e m b r a n e s

The 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 i c  i mages of  

m e s o t h e l i a l  c e l l s  c o v e r i n g  t h e  d i a p h r a g m d i f f e r e d  f rom
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t h o s e  L i n i n g  t h e  r e s t  o f  t h e  s e r o u s  c a v i t i e s  and v i s c e r a l  

o r g a n s  i n  t h a t  t h e y  c o n t a i n e d  s t o ma t a  o p e n i n g  d i r e c t l y  i n t o  

a r i c h  p l e x u s  o f  s u b p e r i t o n e a I  l y m p h a t i c  l a c u n a e -  S t oma t a  

wer e  o n l y  f o u n d  i n  b e t we e n  m e s o t h e l i a l  c e l l s  c o v e r i n g  t h e  

p e r i t o n e a l  s u r f a c e  o f  t h e  a d u l t  r a t  d i a p h r a g m and t o  a

l e s s e r  e x t e n t  i n  b e t we e n  t h o s e  l i n i n g  i t s  p l e u r a l  s u r f a c e  

( F i g s -  144  & 1 4 5 ) -  A l s o ,  t h e y  wer e  i d e n t i f i e d  i n

d i a p h r a g m a t i c  p e r i t o n e u m  of  18 and 20 d a y - o l d  r a t  embr yos  

( F i g s -  140  & 1 4 1 ) -  The number  and p a t e n c y  of  p e r i t o n e a l  

s t o m a t a  a p p e a r e d  t o  i n c r e a s e  s l i g h t l y  f o l l o w i n g  I P

i n j e c t i o n s -  No s t o ma t a  wer e  f ound  i n  t h e  p a r i e t a l  

p e r i t o n e u m  or  p l e u r a ;  nor  i n  t h e  v i s c e r a l  p e r i t o n e u m  or  

p l e u r a  as shown i n  F i g s -  1 4 6 - 1 5 5 ,  and summar i sed i n  

T a b l e  5 .

The v i s c e r a l  m e s o t h e l i u m  c o v e r i n g  t h e  l ungs  and

s p l e e n  was f o r me d  o f  a s h e e t  of  p r o m i n e n t  c e l l s  w i t h  w e l l -

d e f i n e d  b o u n d a r i e s  and t h e i r  c e l l  s u r f a c e s  wer e  s t u d d e d

w i t h  numer ous  s h o r t  m i c r o v i l l i  ( F i g s .  1 4 8 ,  1 4 9 ,  and 1 5 2 ,

1 53 r e s p e c t i v e l y )  .

M e s o t h e l i a l  c e l l s  o f  t h e  l i v e r  s u r f a c e  wer e  more  

f l a t t e n e d  w i t h  l e s s  d e f i n e d  b o r d e r s  ( F i g s .  154 & 1 5 5 ) .

H o w e v e r ,  t h o s e  of  t h e  p a r i e t a l  p e r i t o n e u m  and p l e u r a  f o r me d  

a s h e e t  o f  much f l a t t e n e d  m e s o t h e l i a l  c e l l s  w i t h  i l l -  

d e f i n e d  b o u n d a r i e s  and w i t h  many l ong m i c r o v i l l i  on t h e i r  

s u r f a c e  ( F i g s .  1 4 6 ,  147 and 1 5 0 ,  151 r e s p e c t i v e l y ) .
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T A B L E  4

Summa r y  o f  p r e v i o u s  s t u d i e s  on L y m p h a t i c  a b s o r p t i o n  o f  v a r i o u s  p a r t i c u l a t e  m a t t e r  a nd  
c e l l s  f r o m  t h e  p e r i t o n e a l  c a v i t y  o f  d i f f e r e n t  a n i m a l s .

NO. SUBSTANCE A P P ROX . 
DI AMETER  
I N  MI CRA

EXP.
ANI MAL

I N V E S T I G A T O R YEAR AP P ROX .
T I ME  TO 
REACH
M E D I A S T I N A L  
LYMPH NODES

1 M i l k ,
c i n n a b a r  & 
e g g - y o  I k

1 urn R a b b i t Von R e c k l i n g h a u s e n 1 8 6 2

2 C a r m i n e
g r a n u l e s

1 urn R a b b i  t  
C a t

M u s c a t e  I I 0 
C u n n i  ngham

1 8 9 5
1 9 2 2 3 mi  n u t e s

3 C h i c k
e r y t h r o c y t e s

7 urn R a b b i  t  
C a t  
Mouse  
R a t

B u x t o n  8 T o r r e y  
C u n n i n g h a m  
L e a k  8 R a h i l  
B e t t e n d o r f

1 9 0 6
1 9 2 2
1 9 7 8
1 9 7 8

15 m i n u t e s  
3 m i n u t e s

4

_ _ _ _ _

F r o g
e r y t h r o c y t e s

H o m o l o g o u s  
b l o o d

23  urn 

8 urn

Mouse
R a t

C a t ,  r a t ,  
r a b b i t  8 
g u i  n e a -

p i g
Human

A l l e n  
S i me r

C o u r t i c e  8 S t e i n b e c k  

H e d e n s t e d t

1 9 3 6
1 9 4 8

T 9 5 0  

1 9 4 7

_

6 Human
e r y t h r o c y t e s

7 . 2 2  urn C a t B o l t o n 1 92 1

7 B a c t e r i a 9 R a b b i t  
Gui  n e a -

p i g

Dur ha m
B u x t o n  8 T o r r e y

1 8 9 7
1 9 0 6 1 5 m i n u t e s

8 P a r a s i t e s 7 Mouse T s i  I  i b a r y  8 Wi s s i g 1 9 8 3 -

9 T u mo u r  c e l l s  
( l i v e  & 

k i I  l e d )

9 R a t S a l d e e n 1 9 6 3

10 M o u l d  s p o r e s 10  urn R a b b i t A l l e n 1 9 5 6 -

11 Y e a s t  c e l l s 6 u rn R a t Si m e r 1 9 4 8 -

12 T r i t i a t e d  
• t h y m i d i n e  

l a b e l l e d  
c e l l s

9 R a t S t e e r 1 9 8 3

13 C a r b o n  
p a r t i c L e s  
( i n d i a  i n k )

1 um Dog

R a b b i t
C a t

Gu i  n e a -
p i g

Ra t

Mouse

Mac Ca I L um 
H i g g i n s  e t  a l .  
F r e n c h  e t  a l .
C u n n i  ngham 
Si  me r 
Dur ha m

S i me r
B e t t e n d o r f  
T a k a h a s h i  8 P a t r i  ck  
C a s l e y - S m i t h  
W h a l e y  e t  a l .  
T s i l i b a r y  8 W i s s i g  
L e a k  8 R a h i l

1 9 0 3
1 9 3 0
1 9 6 0
1 9 2 2
1 9 4 4
1 8 9 7

1 9 4 8  
1 9 7 8  
1 9 8 7  
1 9 6 4  
1 9 7  2
1 9 7 7
1 9 7 8

5 mi  n u t e s  

3 m i n u t e s

5 m i n u t e s

14 C o l l o i d a l  
s i  I v e r

1 um Rat
Dog

S a l d e e n
Br o wn

1 9 6 3
1 9 2 8

5 m i n u t e s  
10  m i n u t e s

1 5 L a m p b l a c k
p a r t i c L e s

1 - 2  um C a t B o l t o n  
C u n n i  ngham 1 9 2 2 3 m i n u t e s

16 L a t e x
p a r t i c l e s

1 . 1  um Ra t B e t t e n d o r f

17

" l 8 ~"

G l a s s  b e a d s

P a r a f f i n -  
a s p h a l t -  
s p h e  r e s

1 2 . 5  um

2 2 . 5  um

R a b b i t

R a b b i t

A l l e n

A l l e n " " 1 9 5 6 " " ......... - ...............

19

" 2 0 ~"

"21

C hy I om i c r a

F e r r i t i n

H o r s e r a d i s h
p e r o x i d a s e

1 um 

0 . 1  um 

0 . 5  um

Mou s e

Mouse

~ R a t ~ 8 ~
Mouse

C a s l e y - S m i t h  

C a s l e y - S m i t h  

C o t r a n  8 K a r n o v s k y

" " 1 9 6 4 " " '

9 6 8

: .........

22 T h o r i u m
d i o x i d e
( T h o r o t r a s t )

0 . 3  um R a b b i  t
Mouse
Ra t

F r e n c h  e t  a l .
C a s l e y - S m i t h
Odor
01 i n  8 S a l d e e n

1 9 6 4
1 9 5 6
1 9 6 4 1 hou r I



I ABLE 5

The o c c u r r e n c e  o f  s t o m a t a ,  i n  p e r i t o n e u m  and p l e u r a  as 
v i ewed by SEM.

NO. TYPE OF ME SOTH ELIUM NO. OF 
STOMATA

FIGURES

1 D i a p h r a g m a t i c  p e r i t o n e u m Many 1 2 8 - 1 3 7

2 D i a p h r a g m a t i c  p e r i t o n e u m  
a f t e r  I P i n j e c t i o n s

Many 138 & 139

3 D i a p h r a g m a t i c  p e r i t o n e u m  of  
18 & 20 d a y - o l d  r a t  embryos

V . few 140 & 141

4 D i a p h r a g m a t i c  p l e u r a Mo d e r a t e
number

144 & 145

5 P a r i e t a l  p e r i t o n e u m  
( o f  abdomi  n a I  w a l l )

Absent 150 & 151

6 P a r i e t a l  p l e u r a  
( o f  t h o r a c i c  w a l l )

Absent 146 & 147

7 V i s c e r a l  p e r i t o n e u m  
of  s p l e e n

Absent 152 & 153

8 V i s c e r a l  p e r i t o n e u m  
o f  l i v e r

Absent 154 & 155

9 V i s c e r a l  p l e u r a  
of  l u n g s

Absent 148 & 149



DISCUSSION

I t  i s  w e l l  e s t a b l i s h e d  t h a t  p a r t i c u l a t e  m a t t e r  and 

v a r i o u s  c e l l s  when i n t r o d u c e d  i n t o  t h e  p e r i t o n e a l  c a v i t y  

a r e  r a p i d l y  a b s o r b e d  by t h e  s u b p e r i t o n e a l  l y m p h a t i c  p l e x u s  

o f  t h e  d i a p h r a g m  ( C o u r t i c e  & M o r r i s ,  1 9 5 3 ;  Leak & R a h i l ,  

1 9 7 8 ;  M a c C a l l u m ,  1 9 0 3 ;  W e i s s ,  1 9 8 3 ;  Y o f f e y  & C o u r t i c e ,

1 9 7 0 ) .  The t e r m i n a l  l y m p h a t i c s  or  l a c u n a e ,  wh i ch  f or m t h i s  

p l e x u s ,  a r e  s e p a r a t e d  f r om t h e  p e r i t o n e a l  c a v i t y  by a t h i n  

w a l l ,  t h e  r o o f  o f  t h e  l a c u n a  ( A l l e n ,  1 9 3 6 ;  F r e nch  e t  a l . ,  

1 9 6 0 ;  M a c C a l l u m ,  1 9 0 3 ) .  The l o c a t i o n  and g e n e r a l  

a r r a n g e m e n t  o f  t h e  d i a p h r a g m a t i c  s u b p e r i t o n e a l  l y m p h a t i c  

l a c u n a e  v a r i e s  i n  d i f f e r e n t  s p e c i e s .  Lacunae  a 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  c e n t r a l  t e n d o n  o f  dogs and 

r a b b i t s  ( F l o r e y ,  1 9 2 7 ;  F r ench  e t  a l . ,  1 9 6 0 ;  M a c C a l l u m,

1 9 0 3 ) ,  w h e r e a s  i n  t h e  mouse t h e y  a r e  p r e s e n t  e x c l u s i v e l y  i n

t h e  m u s c u l a r  p o r t i o n  ( A l l e n ,  1 9 3 6 ;  T s i l i b a r y  & W i s s i g ,  

1 9 7 7 )  .

Our  f i n d i n g s  i n  t h e  r a t  d i a p h r a g m wer e  s i m i l a r  t o  

t h o s e  o f  t h e  mouse.  Due t o  r a p i d  a b s o r p t i o n  of

i n t r a p e r i  t o n e a  I l y  i n j e c t e d  i n k ,  s u b p e r i t o n e a l  l y m p h a t i c  

l a c u n a e  a p p e a r e d  as s e p a r a t e  b l a c k e n e d  e l o n g a t e d  c h a n n e l s  

w i t h  s h a r p l y  d e m a r c a t e d  b o r d e r s  r u n n i n g  p a r a l l e l  t o  musc l e  

f i b r e s  o f  t h e  d i a p h r a g m ,  i n  a c h a r a c t e r i s t i c  r a d i a l  

f a s h i  on .

Job ( 1 9 1 5 )  and l a t e r  Gr een ( 1 9 3 5 )  f i r s t  d e s c r i b e d  t h e  

g e n e r a l  ana t omy  o f  t h e  l y m p h a t i c  syst em i n  t h e  r a t ,  but  d i d  

not  d i s c u s s  i n  d e t a i l  t h e  l y m p h a t i c  d r a i n a g e  f r om t h e
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p e r i t o n e a l  c a v i t y .  The o n l y  l y m p h a t i c  r o u t e  f r om t h e  

p e r i t o n e a l  c a v i t y  d e m o n s t r a t e d  by e a r l y  w o r k e r s  was t h e  

r e t r o s t e r n a l  ( p a r a s t e r n a l )  l ymph t r u n k s  ( B e n n e t  & S h i v a s ,  

1 9 5 3 - 1 9 5 4 ;  Br own,  1 9 2 8 ;  C o u r t i c e  e t  a l . ,  1 9 5 3 ;  Dur ham,  

1 8 9 7 ;  M e n v i l l e  & Ane ,  1 9 3 2 ) .

Our  e x a m i n a t i o n  has r e v e a l e d  s e v e r a l  o t h e r  l ymph  

p a t h w a y s  r u n n i n g  f r om t h e  d i a p h r a g m i n  c r a n i a l ,  as w e l l  as 

c a u d a l ,  d i r e c t i o n s .  A l l  t h e  l y m p h a t i c  p a t h wa y s  and 

c o r r e s p o n d i n g  d r a i n a g e  lymph nodes a r e  summar i sed i n  F i g s .  

1 0 5 ,  106 & 1 0 7 .

The r e t r o s t e r n a l  l y m p h a t i c s  were  f ound  t o  be t h e  most  

i m p o r t a n t  r o u t e  o f  d r a i n a g e  o f  l ymph f r om t h e  p e r i t o n e a l  

c a v i t y ,  s i n c e  t h e y  wer e  i n t e n s e l y  s t a i n e d  w i t h  i n k  i n  a l l  

a n i m a l s  s t u d i e d .  As a r u l e ,  t h e s e  l y m p h a t i c s  d r a i n e d  t h e  

a n t e r i o r  d i a p h r a g m i n t o  t h e  upper most  p a r a t h y m i c  n ode ,  

wh i c h  was b l a c k e n e d  w i t h i n  one mi n u t e  a f t e r  i n j e c t i o n .  

H i g g i n s  and Graham ( 1 9 2 9 )  e s t i m a t e d  t h a t  80% of  t h e  l ymph  

f r o m t h e  d i a p h r a g m does i n  f a c t  pass t h r o u g h  t h e  

r e t r o s t e r n a l  l ymph t r u n k s .

The d r a i n a g e  syst em t h r o u g h  t h e  i n t e r c o s t a l  and 

p a r a v e r t e b r a l  l y m p h a t i c s  was m a i n l y  l e f t  s i d e d .  They  

d r a i n e d  t h e  c o s t a l  p a r t  of  t h e  d i a p h r a g m i n t o  t h e  p o s t e r i o r  

m e d i a s t i n a l  n o d e s .  These l y m p h a t i c  r o u t e s  were  not  seen i n  

a l l  a n i m a l s ,  e i t h e r  be caus e  t h e y  were  a b s e n t  or  beca use  

t h e y  d i d  no t  convey  enough i nk  t o  be s e e n .  The f o r m e r  i s  

t h e  more l i k e l y  e x p l a n a t i o n ,  s i n c e  l y m p h a t i c s  c o u l d  be 

i d e n t i f i e d ,  un d e r  t h e  d i s s e c t i n g  m i c r o s c o p e ,  even when t h e y  

c o n t a i n e d  no i n k  p a r t i c l e s .  Thus ,  t h e  i n t e r c o s t a l -
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p a r a v e r t e b r a l  l y m p h a t i c s  wer e  o f  l e s s  i m p o r t a n c e  t h a n  t h e  

r e t r o s t e r n a l  l y m p h a t i c s .  The same was t r u e  o f  t h e  

m e d i a s t i n a l  l y m p h a t i c s ,  wh i c h  d r a i n e d  t h e  p e r i t e n d i n o u s  

a r e a  o f  t h e  d i a p h r a g m  t o  t h e  p a r a t h y m i c  n o d e s .

D r a i n a g e  c a u d a l l y  by way of  t h e  r e t r o p e r i t o n e a l  

l y m p h a t i c s  was a l s o  g r e a t e r  on t h e  l e f t  t h a n  on t h e  r i g h t .  

The se  l y m p h a t i c s  d r a i n e d  t h e  l e f t  p o s t e r i o r  d i a p h r a g m i n t o  

t h e  c i s t e r n a l  node .  E f f e r e n t  l y m p h a t i c s  f r om t h i s  node  

t h e n  d r a i n e d  downwar ds i n t o  t h e  l e f t  r e n a l  node .  The 

c o r r e s p o n d i n g  r e t r o p e r i t o n e a l  l ymph d r a i n a g e  on t h e  r i g h t  

s i d e  was l e s s  f r e q u e n t l y  s e e n ;  when p r e s e n t ,  i t  went  

d i r e c t l y  i n t o  t h e  r i g h t  r e n a l  node .  T h u s ,

i n t r a p e r i t o n e a  I l y  i n j e c t e d  m a t e r i a l s  s p r e a d  more f r e q u e n t l y  

t o  t h e  c i s t e r n a l  and l e f t  r e n a l  t h a n  t o  t h e  r i g h t  r e n a l

n o d e s .

O l i n  and S a l d e e n  C1 9 6 4 )  s t u d i e d  t h e  l y m p h a t i c  

p a t h w a y s  f r om t h e  p e r i t o n e a l  c a v i t y  i n  t h e  r a t  f o l l o w i n g  I P  

i n j e c t i o n  o f  t h o r i u m  d i o x i d e  ( T h o r o t r a s t )  and s u b s e q u e n t  

r a d i o g r a p h y  o f  t h e  a n i m a l s  1 - 1 0  hour s  l a t e r .  The p a t t e r n

o f  t h e  l y m p h a t i c  syst em o b t a i n e d ,  a g r e e d  w e l l  w i t h  t h a t

f o u n d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .

The r o l e ,  i f  a n y ,  p l a y e d  by t h e  t h o r a c i c  d u c t  i n  

a b s o r p t i o n  f r om t h e  p e r i t o n e a l  c a v i t y ,  a p p e a r s  t o  v a r y  

b e t w e e n  d i f f e r e n t  s p e c i e s  and f o r  d i f f e r e n t  s u b s t a n c e s

CAbdou e t  a l . ,  1 9 5 2 ;  C o u r t i c e  e t  a l . ,  1 9 5 0 ,  1 9 5 3 ;  S a l d e e n ,  

1 9 6 3 ;  O l i n  & S a l d e e n ,  1 9 6 4 ) .  I n  t h i s  s t u d y ,  we were  u n a b l e  

t o  v i s u a l i s e  any d i r e c t  l y m p h a t i c  c o n n e c t i o n s  or  pa t hways

2 62



b e t w e e n  t h e  d i a p h r a g m and t h e  t h o r a c i c  d u c t .  T h i s

d i f f e r e n c e  may be due t o  t h e  b a r r i e r  f u n c t i o n  o f  l ymph  

nodes  t h r o u g h  wh i c h  t h e  i n k  has t o  pass b e f o r e  r e a c h i n g  t h e  

t h o r a c i c  d u c t  or  t h e  c i s t e r n a  c h y l i .

I t  i s  c l e a r  t h a t  i n  most  o f  t h e  s p e c i e s  wh i ch  have  

been s t u d i e d ,  t h e  d r a i n a g e  of  l ymph f r om t h e  p e r i t o n e a l  

c a v i t y  i s  p r o b a b l y  s i m i l a r  i n  g e n e r a l  t o  t h a t  i n  r a t s .  

T h u s ,  t h e  c r a n i a l  r o u t e ,  m a i n l y  by way of  t h e  r e t r o s t e r n a l  

l y m p h a t i c s ,  d o m i n a t e s  o v e r  t h e  c a u d a l  r o u t e  and t h e

t h o r a c i c  d u c t  ( B r o w n ,  1 9 2 8 ;  C o u r t i c e  e t  a l . ,  1 9 5 0 ;  H i g g i n s

& Gr aham,  1 9 2 9 ;  P o me r a n z ,  1 9 3 4 ;  S a l d e e n ,  1 9 6 3 ) .  The 

i n t e r c o s t a l - p a r a v e r t e b r a l ,  m e d i a s t i n a l  and r e t r o p e r i t o n e a l  

l y m p h a t i c s  a r e  u s u a l l y  o n l y  s e c o n d a r y  p a t h w a y s .

T i l n e y  ( 1 9 7 1 )  has d e f i n e d  t h e  g e n e r a l  d r a i n a g e

p a t t e r n  o f  t h e  l ymph nodes i n  r a t s  by u s i n g  c o l l o i d a l  

c a r b o n  and t h e  dye p o n t a mi n e  sky b l u e .  The p r e s e n t  r e s u l t s  

p a r t i a l l y  s u p p o r t  h i s  f i n d i n g s .  They d i f f e r e d  o n l y  i n  t h e  

number  o f  p a r a t h y m i c  nodes whi ch  v a r i e d  be t wee n

i n d i v i d u a l s ,  b u t  was n o r m a l l y  2 - 3  on each s i d e ;  and t o  t h e

l o c a t i o n  of  t h e  p o s t e r i o r  m e d i a s t i n a l  l ymph node on t h e

l e f t  s i d e ,  wh i c h  i n  t h i s  s t u d y  was f ound t o  be l o c a t e d  more  

v e n t  r a l l y ,  a d j a c e n t  t o  t h e  thymus g l a n d  ( s e e  C h a p t e r  I I ) .  

We i d e n t i f i e d  t h e  s t r u c t u r e s  d e s c r i b e d  by T i l n e y  ( 1 9 7 1 )  as 

" p a r a v e r t e b r a l  nodes"  but  f ound  t h a t  t h e y  were i n  f a c t  

s i m p l y  l o c a l  d i l a t a t i o n s  o f  t h e  p a r a v e r t e b r a l  l y m p h a t i c  

c h a n n e l  o p p o s i t e  each i n t e r c o s t a l  s p a c e .  We p r ov ed  t h i s  by 

t h e  s i m p l e  e x p e d i e n t  o f  p r o b i n g  them w i t h  t h e  t i p  of  t h e  

f o r c e p s ,  when t h e y  e m p t i e d .  As t o  t h e  d i s t r i b u t i o n  of
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c o l l o i d a l  c a r b o n  t o  t h e  l ymph nodes a f t e r  I P i n j e c t i o n ,  i n  

t h i s  s t u d y  a r e l a t i v e l y  l a r g e  amount  o f  c a r b o n  was 

d e p o s i t e d  n o t  o n l y  i n  t h e  p a r a t h y m i c  lymph nodes but  a l s o  

i n  t h e  p o s t e r i o r  m e d i a s t i n a l  n o d e s ,  wh e r e a s  T i l n e y  ( 1 9 7 1 )  

has r e p o r t e d  t h a t  a l l  t h e  c o l l o i d a l  c a r b o n  i n j e c t e d  

i n t r a p e r i t o n e a  I l y  and d r a i n i n g  t o  t h e  t h o r a x  was c o l l e c t e d  

i n  t h e  p a r a t h y m i c  l ymph n ode s .

A b s o r p t i o n  f r om t h e  p e r i t o n e a l  c a v i t y  by p e r i t o n e a l  

s u r f a c e s  o f  a b d o mi n a l  o r g a n s  and t i s s u e s ,  o t h e r  t h a n  t h e  

d i a p h r a g m ,  does not  a p p e a r  t o  be of  much s i g n i f i c a n c e

q u a n t i t a t i v e l y .  C o u r t i c e  and S t e i n b e c k  ( 1 9 5 1 )  w o r k i n g  on 

r a b b i t s ,  o b s e r v e d  e x t r a - p e r i t o n e a l  c o l l e c t i o n s  o f  dyed

f l u i d  i n  t h e  g r e a t e r  omentum and some a r e a s  o f  t h e  

m e s e n t e r y .  S i mer  ( 1 9 4 8 ) ,  f o l l o w i n g  t h e  i n j e c t i o n  o f  i n d i a  

i n k  i n t o  t h e  p e r i t o n e a l  c a v i t y  of  r a t s ,  no t e d  t h e  p r e s e n c e  

o f  i n k  a c c u m u l a t i o n s  i n  t h e  g r e a t e r  and l e s s e r  ome nt a .  He 

a l s o  o b s e r v e d  s m a l l e r  s p o t s  of  i nk  on t h e  p e r i t o n e a l  f a t  

and m e s e n t e r y .  The r e s u l t s  o f  t h e  p r e s e n t  s t udy  showed

s i m i l a r  m a c r o s c o p i c  o b s e r v a t i o n s ;  v a r i o u s  p e r i t o n e a l

s u r f a c e s  r e t a i n e d  t h e  t r a c e r ,  w i t h  a v a r i a b l e  d e g r e e ,  i n  

t h e  f o r m o f  dense  s p o t s  or  a c c u m u l a t i o n s .  T h i s  r e t e n t i o n

o f  t h e  t r a c e r  was p a r t i c u l a r l y  p r o m i n e n t  i n  t h e  omentum,

m e s e n t e r y  and p e r i t o n e a l  f a t .

The e x t e n t  o f  l y m p h a t i c  a b s o r p t i o n  t h r o u g h  t h e

omentum has been d i s p u t e d  f o r  a l ong t i m e .  S e v e r a l  w o r k e r s  

d e m o n s t r a t e d  c l e a r l y  t h e  p r e s e n c e  o f  a r i c h  p l e x u s  of

l y m p h a t i c s ,  g e n e r a l l y  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 ,  i n  t h e
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omentum o f  d i f f e r e n t  a n i m a l s  and of  man ( B u x t o n  & T o r r e y ,  

1 9 0 6 ;  C a s p a r i s ,  1 9 1 8 ;  R u b i n ,  1 9 1 1 ;  S i m e r ,  1 9 3 4 ,  1 9 3 5 ;  

S u z u k i ,  1 9 1 0 ) .  Some,  h o w e v e r ,  have d o u b t e d  t h e  e x i s t e n c e  

o f  o m e n t a l  l y m p h a t i c s  ( S h i p l e y  & Cunni ngham,  1 9 1 6 ) ,  or  have  

been u n a b l e  t o  o b s e r v e  them ( H i g g i n s  & B a i n ,  1 9 3 0 ;  T i l n e y ,

1 9 7 1 ) .  S i me r  ( 1 9 4 4 )  c o n s i d e r e d  t h a t  o me n t a l  l y m p h a t i c s ,  

a l t h o u g h  p r e s e n t ,  wer e  of  l i t t l e  i m p o r t a n c e  i n  t h e  r e mo va l  

o f  p a r t i c l e s  f r om t h e  p e r i t o n e a l  c a v i t y  compar ed w i t h  t h o s e  

o f  t h e  d i a p h r a g m .  I n  t h i s  s t u d y ,  m i c r o s c o p i c  e x a m i n a t i o n  

of  s e m i t h i n  s e c t i o n s  r e v e a l e d  t h e  p r e s e n c e  of  many 

l y m p h a t i c s  i n  b o t h  omentum and m e s e n t e r y ,  but  w i t h  v e r y  few 

p a r t i c l e s  o f  c a r b o n  i n s i d e  t h e i r  l u m i n a .  The b u l k  of  

c a r b o n  d e p o s i t s  wer e  f ound a d h e r e n t  t o  m e s o t h e l i a l  c e l l  

s u r f a c e s ,  and a l s o  p h a g o c y t o s e d  by 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  ma c r opha ge s  and macr ophages  of  t h e  o me n t a l  m i l k y  

s p o t s .  T h u s ,  t h e  a c t i o n  of  macr ophages  whi ch  a r e  p r e s e n t  

t h r o u g h o u t  t h e s e  t i s s u e s ,  p a r t i c u l a r l y  t h e  omentum,  f or ms  

an e f f i c i e n t  d e f e n c e  mechani sm a g a i n s t  p a r t i c u l a t e  m a t t e r  

a n d ,  p r e s u m a b l y ,  b a c t e r i a l  i n v a s i o n .  The power  of  t h e  

omentum t o  f i x  i r r i t a n t  p a r t i c l e s  by e l a b o r a t i n g  a f l u i d  

w i t h  mar ked c o a g u l a t i v e  p r o p e r t i e s  and t h e n  of  t h e  

m a c r o p h a g e s ,  of  m i l k y  s p o t s ,  t o  i n g e s t  t h e s e  p a r t i c l e s  i s  

no d o u b t  more i m p o r t a n t  t h a n  r e mova l  by t h e  o me n t a l  

l y m p h a t  i c s .

A f ew a u t h o r s  have r e p o r t e d ,  a l s o ,  on t h e  i n v o l v e m e n t  

o f  t h e  l i v e r  and s p l e e n  i n  t h e  a b s o r p t i o n  mechani sm of  

m a t e r i a l s  i n j e c t e d  i n t o  t h e  p e r i t o n e a l  c a v i t y  ( O l i n  & 

S a l d e e n ,  1 9 6 4 ;  R o s e r ,  1 9 7 0 ;  Wha l ey  e t  a l . ,  1 9 7 2 ) .  O l i n  and
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S a l d e e n  ( 1 9 6 4 )  f ound  l a r g e  amount s  o f  T h o r o t r a s t  i n  t h e  

l i v e r  and s p l e e n  o f  t h e  r a t  10 hour s  a f t e r  i t s

i n t r a p e r i t o n e a l  i n j e c t i o n ,  wh i ch  p r e s u ma b l y  a r r i v e d  v i a  

bl ood. .  Wha l e y  e t  a l .  ( 1 9 7 2 )  n o t e d  t h a t  K u p f f e r  c e l l s  o f

t h e  l i v e r  and p e r i f o l l i c u l a r  zones  of  t h e  mouse s p l e e n  wer e  

l a d e n  w i t h  c a r b o n  d e p o s i t s  30 m i n u t e s  a f t e r  i t s  I P

i n j e c t i o n .  Roser  ( 1 9 7 0 )  f o l l o w e d  t h e  f a t e  of  p e r i t o n e a l  

ma c r o p h a g e s  l a b e l l e d  w i t h  r a d i o a c t i v e  c o l l o i d a l  g o l d  i n  

n o r ma l  mi ce  and f o u n d  t h a t ,  a l t h o u g h  12 hour s  a f t e r  c e l l  

t r a n s f e r ,  l a b e l l e d  c e l l s  wer e  c o n f i n e d  t o  t h e  s u b c a p s u l a r  

s i n u s  a r e a  of  p a r a t h y m i c  lymph nodes ,  by 24 hour s  l a b e l l e d  

c e l l s  wer e  p r e s e n t  w i t h i n  t h e  par enchyma of  t h e  l i v e r  and 

s p l e e n .  Roser  ( 1 9 7 0 ) ,  t hus  c o n c l u d e d  t h a t  t h e s e  l a b e l l e d

c e l l s  must  have m i g r a t e d  t h r o u g h  t h e  p a r a t h y m i c  nodes i n

o r d e r  t o  e n t e r  t h e  b l o o d  c i r c u l a t i o n .  I n  t h i s  s t u d y ,  l i g h t  

m i c r o s c o p y  showed some s i n u s o i d a l  K u p f f e r  c e l l s  o f  t h e

l i v e r  wer e  packed w i t h  f i n e  p a r t i c l e s  of  c a r bon  20 m i n u t e s

f o l l o w i n g  i t s  i n t r a p e r i t o n e a l  i n j e c t i o n .  No t r a c e  of  

c a r b o n  p a r t i c l e s ,  h o we v e r ,  were  f ound  b e f o r e  t h i s  t i m e

i n t e r v a l  ( i . e .  a f t e r  5 ,  10 or  15 m i n u t e s ) .  T h i s  s u g g e s t s

t h a t  1 5 - 2 0  m i n u t e s  a r e  r e q u i r e d  f o r  c a r bon  p a r t i c l e s  t o

t r a v e l  f r om t h e  p e r i t o n e a l  c a v i t y  v i a  s u b p e r i t o n e a l

l y m p h a t i c  l a c u n a e  o f  t h e  d i a p h r a g m and f o r  s u b s e q u e n t

d i s t r i b u t i o n  t o  d r a i n i n g  lymph nodes i n  t h e  t h o r a x  and 

abdomen.  P a r t i c l e s  woul d t h e n  l e a v e  t h e  nodes v i a  t h e i r  

e f f e r e n t  l y m p h a t i c s ,  e n t e r i n g  t h e  venous c i r c u l a t i o n  and 

f i n a l l y  r e a c h i n g  t h e  l i v e r  s i n u s o i d s  v i a  t h e  b l o o d

ci  r c u l a t i o n .
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I n  a number  o f  e a r l y  m o r p h o l o g i c  s t u d i e s  a t  l i g h t  

m i c r o s c o p i c  l e v e l ,  e x t e n s i v e  use was made o f  t r a c e r  

p a r t i c l e s  and v a r i o u s  c e l l s  t o  s t u d y  t h e  a b s o r p t i o n  and 

p e r m e a b i l i t y  o f  t h e  d i a p h r a g m a t i c  p e r i t o n e u m  ( T a b l e  4 ) .  

H o w e v e r ,  many o f  t h e  f i n d i n g s  r e ma i n e d  c o n t r o v e r s i a l  

b e c a u s e  t h e  r e s o l u t i o n  p r o v i d e d  by l i g h t  m i c r o s c o p y  was not  

a d e q u a t e  t o  g i v e  s a t i s f a c t o r y  i n f o r m a t i o n  a b o u t  t h e  p r e c i s e  

r e l a t i o n s h i p  b e t we e n  a d j a c e n t  c e l l s .

I n  s u b s e q u e n t  s t u d i e s  a t  t h e  e l e c t r o n  m i c r o s c o p i c  

l e v e l ,  t r a c e r  p a r t i c l e s  were  a l s o  empl oyed t o  s t u d y  t h e  

p e r m e a b i l i t y  o f  m e s o t h e l i a l  c e l l s .  When m e r c u r i c  s u l p h i d e  

o r  T h o r o t r a s t  was i n j e c t e d  i n t o  t h e  p e r i t o n e a l  c a v i t y  

( O d o r ,  1 9 5 6 ) ,  t h e  p a r t i c l e s  wer e  o b s e r v e d  w i t h i n  

c y t o p l a s m i c  v e s i c l e s  i n  m e s o t h e l i a l  c e l l s  of  t h e  d i a p h r a g m  

and t h e  m e s e n t e r y ,  bu t  not  i n  p or e s  b e t wee n  a d j a c e n t  c e l l s .  

S i m i l a r  f i n d i n g s  wer e  r e p o r t e d  f o r  c o l l o i d a l '  m e t a l l i c  

t r a c e r s  by F u k u t a  ( 1 9 6 3 )  and Ma r c h e s i  ( 1 9 6 3 )  . j The most
• - V

e x t e n s i v e  s t u d y  d e s i g n e d  t o  shed l i g h t  on t h e  p r ob l e m of  

d i a p h r a g m a t i c  m e s o t h e l i a l  c e l l  p e r m e a b i l i t y  was t h a t  

c a r r i e d  o u t  by F r e nc h  e t  a l .  ( 1 9 6 0 ) .  They used t h e  

c ombi ned  t e c h n i q u e s  of  t h e  c l a s s i c a l  " H a u t c h e n "  p r e p a r a t i o n  

( i . e .  s t a i n i n g  t h e  i n t e r c e l l u l a r  cement  w i t h  s i l v e r  

n i t r a t e )  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  and t r a c e r  

e x p e r i m e n t s  a t  t h e  e l e c t r o n  m i c r o s c o p i c  l e v e l .  T h e i r  

s t u d i e s  showed t h a t  t h e  d i a p h r a g m a t i c  m e s o t h e l i a l  c e l l s  

c o u l d  e a s i l y  s e p a r a t e  f r om one a n o t h e r  a t  t h e  base o f  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  pr oduc e  g a p s .  Such gaps were  

f o u n d  t o  be l a r g e  enough t o  accommodat e p a r t i c l e s  of
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c o l l o i d a l  c a r b o n ,  t h o r i u m  d i o x i d e ,  s a c c h a r a t e d  i r o n  

d i o x i d e ,  and e r y t h r o c y t e s .

O t h e r  m o r p h o l o g i c a l  s t u d i e s  on t h e  p e r m e a b i l i t y  of  

t h e  m e s o t h e l i u m  a t  t h e  e l e c t r o n  m i c r o s c o p i c  l e v e l  have  

p r o v i d e d  i n f o r m a t i o n  on t h e  s t r u c t u r e  o f  i n t e r c e l l u l a r  

j u n c t i o n s  b e t we e n  m e s o t h e l i a l  c e l l s  l i n i n g  t h e  s c r o t a l  sac 

( C o t r a n  & K a r n o v s k y ,  1 9 6 8 ) .  More r e c e n t l y ,  u s i n g  combi ned  

t h i n - s e c t i o n i n g ,  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  and f r e e z e -  

f r a c t u r e  m e t h o d s ,  Leak and R a h i l  ( 1 9 7 8 )  d e m o n s t r a t e d  

s u c c e s s f u l l y  t h e  p r e s e n c e  of  p o r e s  or  s t o ma t a  be t we e n  

a d j a c e n t  m e s o t h e l i a l  c e l l s  w i t h i n  t h e  r o o f s  o f  l y m p h a t i c  

l a c u n a e  o f  t h e  mouse d i a p h r a g m .

Our  r e s u l t s  c o r r o b o r a t e  t h e  o b s e r v a t i o n s  o f  Leak and 

R a h i l  ( 1 9 7 8 ) ;  m e s o t h e l i a l  c e l l s  o f  t h e  p e r i t o n e a l  s u r f a c e  

o f  t h e  r a t  d i a p h r a g m wer e  o r g a n i s e d  i n t o  two d i s c r e t e  

p o p u l a t i o n s .  A p o p u l a t i o n  of  r ounded or  c u b o i d a l  c e l l s  was 

f o u n d  i n  t h e  r o o f  c o v e r i n g  submesot he  I i a  I l y m p h a t i c  

l a c u n a e ,  w h i l e  t h e  r e m a i n i n g  n o n - l a c u n a r  ( o r  i n t e i — l a c u n a r )  

a r e a s  o f  t h e  d i a p h r a g m wer e  l i n e d  by f l a t t e n e d  ( squamous)  

c e l l s .  The a p i c a l  s u r f a c e s  of  bo t h  t y p e s  of  m e s o t h e l i a l  

c e l l s  wer e  c o v e r e d  w i t h  many m i c r o v i l l i .  The l a c u n a r  

c u b o i d a l  c e l l s  d i s p l a y e d  many c y t o p l a s m i c  p r o c e s s e s  wh i ch  

e x t e n d e d  f r om t h e i r  l a t e r a l  b o r d e r s  t o  f or m an a n a s t o mo s i n g  

n e t w o r k  w i t h  numerous i n t e r c e l l u l a r  gaps and c h a n n e l s .  I n  

a d d i t i o n  t o  i n t e r c e l l u l a r  g a p s ,  s p e c i a l  p r e f o r m e d  o p e n i n g s  

o r  s t o m a t a  wer e  f ound b e t wee n  t h e  ma r g i n s  o f  s e v e r a l  

c u b o i d a l  m e s o t h e l i a l  c e l l s .  Von Re c k l  i n h a u s e n ' s  ( 1 8 6 2 )  

o r i g i n a l  c o n c e p t  o f  s t o ma t a  w i t h i n  t h e  m e s o t h e l i a l  l i n i n g
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was based  upon t h e  a p p e a r a n c e  of  c i r c u l a r  d e p o s i t s  o f  

s i l v e r  n i t r a t e  w i t h i n  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  o f  

s e v e r a l  c e l l s .  A l t h o u g h  o t h e r  s t a i n i n g  met hods f a i l e d  t o  

c o n f i r m  t h a t  t h e s e  l o c a l i s e d  s i t e s  of  s i l v e r  d e p o s i t s  

w i t h i n  c i r c u m s c r i b e d  r e g i o n s  r e p r e s e n t e d  p e r ma n e n t  o p e n i n g s  

( H e r t z l e r ,  1 9 0 1 ;  Mu s c a t e  I l o ,  1 8 9 5 ) ,  A l l e n ' s  ( 1 9 3 6 )  s t u d i e s  

o f  d i a p h r a g m s  o f  mi ce  i m p r e g n a t e d  w i t h  s i l v e r  n i t r a t e  

d e m o n s t r a t e d  t h a t  p e r i t o n e a l  s t o ma t a  a p p e a r e d  as o v a l

o p e n i n g s  a t  t h e  j u n c t i o n  o f  t h r e e  or  more c e l l s  and wer e  

a l w a y s  l o c a t e d  w i t h i n  t h e  r o o f s  c o v e r i n g  t h e  l y m p h a t i c  

l a c u n a e .

The e a r l i e r  s t u d i e s  o f  Ma cCa l l um ( 1 9 0 3 )  had s u g g e s t e d  

t h a t  t h e  s u p e r f i c i a l  l y m p h a t i c s  i n  t h e  d i a p h r a g m  

c o n s t i t u t e d  t h e  i n i t i a l  component  of  a s e p a r a t e  and c l o s e d  

d r a i n a g e  s y s t e m .  He f u r t h e r  d e f i n e d  t h e  l umi na  of  t h e s e  

l y m p h a t i c  v e s s e l s  as l a c u n a e ,  s u g g e s t i n g  t h a t  each was 

c o v e r e d  by a r o o f  c o n s i s t i n g  of  t h r e e  d i s t i n c t  l a y e r s :  1)

t h e  l y m p h a t i c  e n d o t h e l i u m ,  2)  a t h i n  l a y e r  of  c o n n e c t i v e  

t i s s u e ,  and 3)  t h e  s u r f a c e  l a y e r  of  m e s o t h e l i a l  c e l l s .  The

o b s e r v a t i o n s  i n  t h e  p r e s e n t  s t u d y  c o n f i r m e d  t h e  e x c l u s i v e  

p r e s e n c e  o f  p e r i t o n e a l  s t o ma t a  i n  t h e  r o o f  of  t h e  l y m p h a t i c  

l a c u n a e .  A l s o ,  i n  a d d i t i o n  t o  t h e  3 b a s i c  l a y e r s  

c o n s t i t u t i n g  t h e  l y m p h a t i c  l a c u n a r  r o o f ,  a f o u r t h

a d d i t i o n a l  l a y e r  of  f e n e s t r a t e d  e l a s t i c  t i s s u e  was

f r e q u e n t l y  o b s e r v e d  i n  t h e  r a t  d i a p h r a g m .

The r a p i d i t y  w i t h  wh i ch  p a r t i c l e s  and c e l l s  o f  

v a r i o u s  d i m e n s i o n s  a r e  removed f r om t h e  p e r i t o n e a l  and 

p l e u r a l  c a v i t i e s  by 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 i s  w e l l
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d o c umen t ed  ( A l l e n ,  1 9 3 6 ;  Cunn i ngha m,  1 9 2 0 ,  1 0 2 2 ;  F r e n c h  e t  

a l - ,  1 9 6 0 ;  M a c C a l l u m ,  1 9 0 3 ;  S i m e r ,  1 9 4 4 ,  1 9 4 8 ;  Von

R e c k l i n g h a u s e n ,  1 8 6 2 ;  Wang,  1 9 7 5 ;  Y o f f e y  & C o u r t i c e ,  1 9 7 0 ) .  

H o w e v e r ,  t h e  p r e c i s e  p a t h wa y s  t a k e n  by f l u i d s ,  p a r t i c l e s  

and c e l l s  had been more d i f f i c u l t  t o  d e l i n e a t e ,  u n t i l  

Leak  and R a h i l  ( 1 9 7 8 )  s e t t l e d  t h i s  p r o b l e m ,  i n  t h e  mouse 

d i a p h r a g m ,  once and f o r  a l l .  I n  t h e  p r e s e n t  s t u d y ,  i t  i s  

c l e a r  f r om 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 i c  p r e p a r a t i o n s  and 

s e c t i o n e d  m a t e r i a l  t a k e n  f r om a r e a s  o f  t h e  l y m p h a t i c  

l a c u n a r  r o o f s  o f  t h e  r a t  d i a p h r a g m t h a t  many of  t h e  s t o ma t a  

r e p r e s e n t  a t r u e  pass agewa y  b e t we e n  t h e  p e r i t o n e a l  c a v i t y  

and t h e  l y m p h a t i c  l ume n .  These s t o ma t a  wer e  f o r me d  when 

c e l l  m a r g i n s  o f  s e v e r a l  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  span  

t h e  s u b m e s o t h e l i a l  c o n n e c t i v e  t i s s u e  t o  f o r m i n t e r c e l l u l a r  

j u n c t i o n s  w i t h  c e l l  m a r g i n s  of  s e v e r a l  n e i g h b o u r i n g  

c u b o i d a l  m e s o t h e l i a l  c e l l s  l i n i n g  t h e  p e r i t o n e a l  s u r f a c e  of  

t h e  d i a p h r a g m .  T h i s  u n i n t e r r u p t e d  p a t h wa y  woul d f a c i l i t a t e  

t h e  f r e e  and r a p i d  u p t a k e  o f  f l u i d s ,  p a r t i c l e s ,  and c e l l s  

o f  v a r y i n g  s i z e s  f r om t h e  p e r i t o n e a l  c a v i t y  d i r e c t l y  i n t o  

t h e  u n d e r . l y i n g  l y m p h a t i c  l a c u n a e .

I n  p r o v i d i n g  an e x p l a n a t i o n  f o r  t h e  f i l l i n g  and 

e m p t y i n g  of  l y m p h a t i c  l a c u n a e ,  p r e v i o u s  i n v e s t i g a t o r s  

s u g g e s t e d  t h a t  d u r i n g  r h y t h m i c  c o n t r a c t i o n  and r e l a x a t i o n  

o f  t h e  d i a p h r a g m ,  m e s o t h e l i a l  and 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  w i t h i n  t h e  r o o f s  of  l a c u n a e  a r e  a l t e r n a t e l y  s e p a r a t e d  

t o  f o r m i n t e r c e l l u l a r  gaps and b r o u g h t  t o g e t h e r  a g a i n  

( A l l e n  8 V o g t ,  1 9 3 7 ;  A l l e n ,  1 9 5 6 ;  Y o f f e y  8 C o u r t i c e ,  1 9 7 0 ) .  

T h i s  h y p o t h e s i s  of  f u n c t i o n a l  s t o ma t a  was r e c e n t l y

270



s u p p o r t e d  by B e t t e n d o r f  ( 1 9 7 8 ,  1 9 7 9 )  who s u g g e s t e d  t h a t

p e r i t o n e a l  s t o ma t a  open p a s s i v e l y  t o  a l l o w  t h e  p a s s a g e  of

a b d o m i n a l  f l u i d  and o f  l a t e x  beads  i n j e c t e d  i n t o  t h e  

p e r i t o n e a l  c a v i t y  d u r i n g  e x p i r a t i o n ,  and t h a t  t h e y  c l o s e  

p a s s i v e l y  d u r i n g  i n s p i r a t i o n ;  t h u s  a c t i n g  as v a l v e s -  I n  

c o n t r a s t ,  Leak  and R a h i l  ( 1 9 7 8 )  r e v e r t e d  t o  t h e  o r i g i n a l  

d e s c r i p t i o n  o f  Von Reck I i n h a u s e n  (1 8 6 2 )  and s u g g e s t e d  t h a t  

s t o m a t a  i n  t h e  d i a p h r a g m a t i c  p e r i t o n e u m  a r e  p e r ma n e n t  

s t r u c t u r e s  t h a t  a r e  open i r r e s p e c t i v e  o f  t h e  movement s o f

t h e  d i a p h r a g m -  More r e c e n t l y ,  T s i l i b a r y  and W i s s i g  ( 1 9 8 3 )  

r e t u r n e d  t o  t h e  s u g g e s t i o n  t h a t  p e r i t o n e a l  s t o ma t a  of  t h e  

d i a p h r a g m  a r e  not  s t a b l e  o p e n i n g s ,  but  t h a t  t h e i r  p a t e n c y  

may v a r y  i n  r e s p o n s e  t o  c h a n g i n g  c o n d i t i o n s  i n  t h e

p e r i t o n e a l  c a v i t y ;  a c t i n  c omponent s  i n  t h e  c y t o p l a s m  of

m e s o t h e l i a l  and 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  may c o n t r o l  

t h e i r  p a t e n c y -  A l t h o u g h  t h e  d i m e n s i o n s  o f  t h e  s t o m a t a l  

o r i f i c e s  may change  w i t h  t h e  r h y t h m i c  c o n t r a c t i o n  and 

r e l a x a t i o n  o f  t h e  d i a p h r a g m ,  t h e  o b s e r v a t i o n s  i n  t h e

p r e s e n t  s t u d y  s u g g e s t  t h a t  t h e y  a r e  s t a b l e  s t r u c t u r e s  a n d ,  

t h e r e f o r e ,  s u p p o r t  t h e  v i e w of  Leak and R a h i l  ( 1 9 7 8 ) .

P a t e n t  s t o ma t a  c o n n e c t i n g  t h e  p e r i t o n e a l  c a v i t y  w i t h  t h e  

l umin.a o f  l y m p h a t i c  l a c u n a e  wer e  c o n s i s t e n t l y  o b s e r v e d

t h r o u g h o u t  a l l  t h e  d i a p h r a g ms  exa mi ned  (a  t o t a l  o f  1 1 )

r e g a r d l e s s  o f  t h e  met hod o f  f i x a t i o n  ( w h e t h e r  by i mme r s i o n

or  by v a s c u l a r - p e r f u s i o n )  or  t h e  s t a t e  o f  c o n t r a c t i o n  or  

r e l a x a t i o n  o f  t h e  d i a p h r a g m a t  t h e  t i m e  o f  f i x a t i o n .

P e r i t o n e a l  s t o ma t a  wer e  even o b s e r v e d  i n  two r a t  embryos
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aged 18 and 20 days  a t  wh i c h  t i m e  t h e  d i a p h r a g m  was ,  

p r e s u m a b l y ,  m o t i o n l e s s  ( F i g s .  140  & 1 4 1 ) .  T s i l i b a r y  and 

W i s s i g  ( 1 9 8 3 )  c l a i m e d  t h a t  p e r i t o n e a l  s t o ma t a  open when t h e  

d i a p h r a g m  i s  r e l a x e d  by a d m i n i s t r a t i o n  o f  s u c c i n y l  c h o l i n e  

and c l o s e ,  o r  d i s a p p e a r ,  when i t  i s  c o n t r a c t e d  by

a d m i n i s t r a t i o n  o f  c a r b a c h o l .  T h u s ,  t h e y  s p e c u l a t e d  t h a t  

t h e  p a t e n c y  o f  s t o ma t a  c o u l d  be s i m i l a r l y  a l t e r e d  d u r i n g  

t h e  n o r ma l  r e s p i r a t o r y  c y c l e .  Wh e t h e r  t h e  p a t e n c y  of  

s t o m a t a  d o e s ,  i n  f a c t ,  change d u r i n g  t h e  o r d i n a r y

r e s p i r a t o r y  c y c l e  i s  a d i f f i c u l t  p o i n t  t o  e s t a b l i s h ,  

b e c a u s e  f i x a t i o n  of  t h e  d i a p h r a g m w i t h  c o n v e n t i o n a l  met hods  

i s ,  f i r s t ,  a r e l a t i v e l y  s l ow p r o c e s s  a n d ,  s e c o n d ,

n e c e s s i t a t e s  m a j o r  a l t e r a t i o n s  o f  t h e  e n v i r o n m e n t  w i t h i n  

t h e  p e r i t o n e a l  c a v i t y .  Such a l t e r a t i o n s  i n  t h e m s e l v e s ,  and 

any a d d i t i o n a l  e x p e r i m e n t a l  m a n i p u l a t i o n s  s i m i l a r  t o  t h o s e  

p r o d u c e d  by T s i l i b a r y  and W i s s i g  ( 1 9 8 3 ) ,  mi g h t  i n i t i a t e  

r e f l e x  chang es  i n  p a t e n c y  of  t h e  s t o m a t a ,  and t h u s  g i v e  

f a l s e  i n f o r m a t i o n .

I t  s h o u l d  be e mp h a s i s e d  t h a t  s t o m a t a ,  w i t h  t h e i r

a s s o c i a t e d  c h a n n e l s ,  wh i ch  c o n n e c t  t h e  p e r i t o n e a l  c a v i t y  

w i t h  t h e  l u mi n a  of  t h e  l y m p h a t i c  l a c u n a e  of  t h e  d i a p h r a g m ,  

a r e  s t r u c t u r a l l y  d i f f e r e n t i a t e d  u n i t s :  1)  Al ong  t h e  ma r g i n

o f  a s t o ma /  m e s o t h e l i a l  and l a c u n a r  e n d o t h e l i a l  c e l l s  a r e  

j o i n e d  t o  one a n o t h e r  so t h a t  t h e y  l i n e  a c h a n n e l  t h a t  

l e a d s  f r om t h e  p e r i t o n e a l  c a v i t y  i n t o  t h e  l umen o f  t h e

l a c u n a  ( L e a k  & R a h i l ,  1 9 7 8 ;  Wang,  1 9 7 5 ) .  2)  The

s u b m e s o t h e l i a l  c o n n e c t i v e  t i s s u e  a t  t h e  s i t e  o f  a stoma i s  

i n t e r r u p t e d  and i n  a d d i t i o n ,  i s  s t r u c t u r a l l y  m o d i f i e d  t o
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accommodat e  t h e  c h a n n e l .  3 )  Bot h t h e  m e s o t h e l i u m  and 

l y m p h a t i c  e n d o t h e l i u m  l a c k  a ba sement  membrane a t  t h e  s i t e  

o f  t h e  c hanne I .

T h i s  h i g h  d e g r e e  o f  u l t r a s t r u c t u r a l  c o m p l e x i t y  o f  t h e  

s t o m a t a  and a s s o c i a t e d  c h a n n e l s ,  i n  a d d i t i o n  t o  t h e  r e a s o n s  

d i s c u s s e d  a b o v e ,  l e a d  us t o  c o n c l u d e  t h a t  t h e y  a r e  s t a b l e  

s t r u c t u r a l  u n i t s  whose number  and l o c a t i o n  a r e  f i x e d .

The p r e s e n c e  o f  l y m p h a t i c  s t o ma t a  i n  t h e  

d i a p h r a g m a t i c  p e r i t o n e u m  was i n i t i a l l y  r e p o r t e d  by Von 

R e c k l i n g h a u s e n  ( 1 8 6 2 ) ,  bu t  t h e i r  p r e s e n c e  was c o n f i r m e d  

u l t r a s t r u e t u r a  I l y  o n l y  r e c e n t l y  by Leak and R a h i l  ( 1 9 7 8 )  

a f t e r  more t h a n  a c e n t u r y  of  c o n t r o v e r s y  ( B a r a d i  8 Hope ,  

1 9 6 4 ;  Cun n i n g h a m,  1 9 2 6 ;  H e r t z l e r ,  1 9 0 1 ;  Ma c C a l l u m,  1 9 0 3 ) .  

T o d a y ,  i t  i s  known t h a t  s t o ma t a  a r e  a l s o  p r e s e n t  i n  t h e  

p a r i e t a l  p l e u r a  ( Wang,  1 9 7 5 ) .  By t h e  use of  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  we have d e m o n s t r a t e d  t h e  p r e s e n c e  of  

p e r i t o n e a l ,  as w e l l  as p l e u r a l ,  s t o ma t a  be t we e n  m e s o t h e l i a l  

c e l l s  l i n i n g  b o t h  s u r f a c e s  o f  t h e  r a t  d i a p h r a g m .  Ho we v e r ,  

no s t o ma t a  o r  o p e n i n g s  wer e  f ound  i n  t h e  r e m a i n i n g  

m e s o t h e l i a l  l i n i n g  of  t h e  p e r i t o n e a l  and p l e u r a l  c a v i t i e s  

( T a b l e  5 ) .  T h i s  i s  p r o b a b l y  due t o  t h e  f a c t  t h a t  

m e s o t h e l i a l  c e l l s  c o v e r i n g  t h e  d i a p h r a g m o v e r l i e  a r i c h  

p l e x u s  o f  l y m p h a t i c  l a c u n a e  wh i ch  i s  s t r a t e g i c a l l y  l o c a t e d  

w i t h i n  t h e  s u b m e s o t h e l i a l  c o n n e c t i v e  t i s s u e ,  t h u s  

j u s t i f y i n g  t h e  p r e s e n c e  o f  s t o ma t a  or  o p e n i n g s  t h a t  p r o v i d e  

a r a p i d  r e mo v a l  o f  f l u i d ,  p a r t i c l e s  and c e l l s  f r om t h e  

p e r i t o n e a l  and p l e u r a l  c a v i t i e s  i n t o  t h e  d i a p h r a g m a t i c
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L y mp h a t i c  v e s s e l s .  Once f l u i d  and p a r t i c u l a t e  m a t e r i a l s  

a r e  w i t h i n  t h e  s u b m e s o t h e l i a l  l y m p h a t i c  l a c u n a e ,  a 

c o n t r a c t i o n  of  t h e  d i a p h r a g m a t i c  mu s c l e s  wou l d  a l s o  cause  a 

c o n t r a c t i o n  o f  t h e  l y m p h a t i c  l a c u n a e ,  c o m p r e s s i n g  t h e  

m e s o t h e l i a l  c e l l s  of  i t s  r o o f  and e x p e l l i n g  i t s  c o n t e n t s  

t o w a r d s  t h e  l a r g e r  c o l l e c t i n g  l y m p h a t i c  v e s s e l s .
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SUMMARY

1)  The l y m p h a t i c  d r a i n a g e  f r om t h e  p e r i t o n e a l  c a v i t y  of  

t h e  r a t  was s t u d i e d  f o l l o w i n g  i n t r a p e r i t o n e a l  ( I P )  

i n j e c t i o n  o f  i n d i a  i n k -  P e r i t o n e a l  a b s o r p t i o n  o f  i n k  

was r e m a r k a b l y  r a p i d ,  i n d e e d  as r a p i d  as one m i n u t e  

a f t e r  i t s  I P  i n j e c t i o n .

2)  A b s o r p t i o n  o f  i n k  f r om t h e  p e r i t o n e a l  c a v i t y  was

c a r r i e d  o u t  by t e r m i n a l  l y m p h a t i c s  c a l l e d  l a c u n a e ,  

l o c a t e d  i m m e d i a t e l y  s u b p e r i t o n e a l l y  i n  t h e  d i a p h r a g m .  

W i t h i n  1 m i n u t e ,  l y m p h a t i c  l a c u n a e  f i l l e d  w i t h  i n k  

wer e  seen r u n n i n g  r a d i a l l y  b e t we e n  m u s c u l a r  f i b r e s  o f  

t h e  d i a p h r a g m .

3 )  T h i s  r a p i d  u p t a k e  of  c a r b o n  o c c u r r e d  t h r o u g h  p r e f o r m e d  

s t o m a t a ,  f ound  o n l y  i n  t h e  d i a p h r a g m a t i c  m e s o t h e l i u m  

o v e r l y i n g  t h e  r o o f  of  l y m p h a t i c  l a c u n a e .

4 )  L y m p h a t i c  l a c u n a e  communi ca t e d  d i r e c t l y  w i t h  t h e

p e r i t o n e a l  c a v i t y  v i a  t h e s e  s t o m a t a l  o p e n i n g s  b e t we e n  

c u b o i d a l  m e s o t h e l i a l  c e l l s  t h a t  l e a d  i n t o  c h a n n e l s  

f o r me d  by j u x t a p o s e d  p r o c e s s e s  of  m e s o t h e l i a l  and 

l a c u n a r  e n d o t h e l i a l  c e l l s .

5)  S t o ma t a  or  o p e n i n g s ,  i d e n t i f 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 ,  wer e  c o n s i s t e n t l y  and e x c l u s i v e l y  

d e m o n s t r a t e d  i n  t h e  d i a p h r a g m a t i c  m e s o t h e l i u m ,  

p r e d o m i n a n t l y  on t h e  p e r i t o n e a l  s u r f a c e ;  none wer e  

o b s e r v e d  i n  t h e  m e s o t h e l i u m  l i n i n g  o t h e r  p a r t s  o f  t h e  

p e r i t o n e a l  and p l e u r a l  c a v i t i e s .

6 )  The r e g i o n a l  l ymph d r a i n a g e  f r om t h e  d i a p h r a g m was
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p r e d o m i n a n t l y  t o  t h e  m e d i a s t i n a l  l ymph nodes

( p a r a t h y m i c  and p o s t e r i o r  m e d i a s t i n a l  node s )  by way of  

t h e  r e t r o s t e r n a l  and i n t e r c o s t o - p a r a v e r t e b r a  I l ymph  

t r u n k s ,  and a l s o  t o  r e t r o p e r i t o n e a l  l ymph nodes  

( c i s t e r n a l  and r e n a l  node s )  by t h e  r e t r o p e r i t o n e a l  

l y m p h a t i c  t r u n k s .
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F i g .  1

Low power  v i e w  showi ng t h e  nor ma l  r e l a t i o n s h i p  
b e t w e e n  t hymus g l a n d  ( T h )  and t h y m i c  haemol ymph  
nodes ( N)  embedded i n  i t s  c a p s u l e -  No t e  e f f e r e n t  
l y m p h a t i c  ( e f f )  and b l o o d  v e s s e l s  l e a v i n g  t h e  
n o d a l  h i l u m .

x 40 Young a d u l t  r a t  H & E

F i g .  2

The g e n e r a l  t o p o g r a p h y  o f  a t h y m i c  haemol ymph  
n ode .  N o t e :  a f f e r e n t  ( a f f )  and e f f e r e n t  ( e f f )
l y m p h a t i c s ;  i n t r a - n o d a l  b l o o d  v e s s e l s  ( b v ) ;  
c o r t e x  w i t h  c o r t i c a l  n o d u l e s  and g e r m i n a l  c e n t r e s  
( g ) ;  m e d u l l a r y  c or ds  ( c )  and s i n u s e s  ( s ) .

x 20 A d u l t  r a t  H & E





F i g .  3

The g e n e r a l  t o p o g r a p h y  o f  a n o t h e r  t h y m i c  
haemol ymph node .  N o t e :
1)  t h e  p e c u l i a r  shape o f  t h i s  p r o f i l e
2)  t h e  w e l l - d e v e l o p e d  c o r t e x  w i t h  many g e r m i n a l  

c e n t r e s  ( g )
3)  e f f e r e n t  l y m p h a t i c s  ( e f f )  and v e i n s  l e a v e  t h e  

h i I urn
4)  M e d u l l a r y  s i n u s e s  c o n v e r g e  on t h e  h i l u m  

x 32 A d u l t  r a t  H & E

£ i g . 4
A h i g h  power  v i e w of  a g e r m i n a l  c e n t r e  f r o m t h e  
node shown i n  F i g .  3 .  I t  c o n t a i n s  a p a l e -  
s t a i n i n g  c e n t r a l  z o n e ,  wh i ch  i s  composed o f  
medium and l a r g e  l y mp h o c y t e s  and " t i n g i b l e  body  
ma c r o p h a g e s "  ( a r r o w s ) .  The c e n t r a l  zone  i s  
s u r r o u n d e d  by d a r k - s t a i n i n g  s m a l l  l y m p h o c y t e s ,  
whi c h  c o n s t i t u t e  t h e  m a n t l e  z o n e .

x 400  A d u l t  r a t  H & E
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F i g .  5

S i m i l a r  t o  F i g s .  2 & 3 ,  bu t  s howi ng  a f f e r e n t  
l y m p h a t i c  ( a r r o w )  c o n t a i n i n g  many c e l l s .

x 30 A d u l t  r a t  H & E

F i g .  6

H i g h e r  power  o f  a f f e r e n t  l y m p h a t i c ,  shown i n  F i g .  
5 .  I t  c o n t a i n s  l y m p h o c y t e s ,  ma c r o p h a g e s  and f r e e  
e r y t h r o c y t e s  ( a r r o w s ) ;  a l l  t o  be r e l e a s e d  i n t o  
t h e  s u b c a p s u l a r  s i n u s  ( S S ) .

x 320  A d u l t  r a t  H & E





E ia -  1
A medium power  v i e w  o f  a n o t h e r  a f f e r e n t
l y m p h a t i c .  The b i - c u s p i d  v a l v e  i s  o p e n i n g
t o w a r d s  t h e  s u b c a p s u l a r  s i n u s  ( S S ) .  I t  c o n t a i n s  
a g r e y  p r e c i p i t a t e  o f  l ymph p r o t e i n  and a few 
c e l l s .  Not e  i t s  l a r g e  c a l i b r e  and t h i c k  w a l l  
wh i c h  c o n t a i n s  a smooth mu s c l e  c ompone nt
( a m o w s )  .

x 125 A d u l t  r a t  Az ur  I I

F i g .  8

An a f f e r e n t  l ymph v e s s e l ,  w i t h  two v a l v e  cusps  i s  
shown h e r e .  Sma l l  l y m p h o c y t e s  and f r e e  
e r y t h r o c y t e s  a r e  p r e s e n t  i n  t h e  s u b c a p s u l a r  s i n u s  
( SS)  .

x 250 A d u l t  r a t  H & E





F i g  9
The s u b c a p s u l a r  s i n u s  ( SS)  i s  e n l a r g e d  a t  t h e  
s i t e  o f  e n t r y  o f  t h e  a f f e r e n t  l y m p h a t i c .  I t  
c o n t a i n s  l a r g e  numbe r s  o f  f r e e  e r y t h r o c y t e s ,  
w h i c h  a r e  p r e s s e d  a g a i n s t  t h e  i n n e r  w a l l  o f  t h e  
s i n u s .

x 250  A d u l t  r a t  H & E

Fig. 10
The h i l u m  o f  a t h y m i c  haemol ymph node w i t h  a 
v a l v e d  e f f e r e n t  l y m p h a t i c  ( e f f )  e m e r g i n g  f r o m i t .  
The b i - c u s p i d  v a l v e  ( a r r o w s )  i s  p o i n t i n g  away  
f r o m t h e  n o d e .  V e r y  f ew c e l l s  a r e  seen i n  t h e  
l umen o f  t h e  e f f e r e n t  l y m p h a t i c .

x 80 Young a d u l t  r a t  Az u r  I I
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f i 2 i  11

A h i g h  power  v i e w  o f  t h e  m e d u l l a ,  f r om F i g .  2 ,  
s howi ng  numer ous  e r y t h r o c y t e s ,  b o t h  f r e e  and 
p h a g o c y t o s e d  by s i n u s  ma c r o p h a g e s  ( a r r o w s ) .  Not e  
t h e  c o n t r a s t  b e t w e e n  b l o o d  v e s s e l s ,  e m p t i e d  by 
v a s c u l a r  p e r f u s i o n  and l ymph s i n u s e s ,  f i l l e d  w i t h  
s t a i n e d  l ymph p r o t e i n .

x 200  A d u l t  r a t  H & E

E l s *  11
A m e d u l l a r y  s i n u s  w i t h  e r y t h r o c y t e s  m o s t l y  
a t t a c h e d  t o  ma c r o p h a g e s  f o r m i n g  c h a r a c t e r i s t i c  
r o s e t t e s  ( a r r o w s ) .

x 4 00  A d u l t  r a t  Az u r  I I
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M g s . 13^ 14 & 15

P a r a t h y m i c  haemol ymph nodes o f  a d u l t  r a t s ,  6 
h o u r s  a f t e r  i n t r a v e n o u s  ( I V )  i n j e c t i o n  o f  i n k .

f i g . 13

G e n e r a l  low power  v i e w .  I n k  i s  so s p a r s e  t h a t  i t
c a n n o t  be seen a t  t h i s  m a g n i f i c a t i o n  ( c . f .  w i t h
F i g .  1 0 1 ,  whe r e  i n k  i s  a b u n d a n t  5 m i n u t e s  a f t e r  
I P  i n j e c t i o n ) .
I NSET :  See F i g .  14

x 50 Az u r  I I

f i g . 14

Hi gh  power  v i e w  o f  a r e a  o u t l i n e d  i n  F i g .  1 3 .  
P a r t i c l e s  o f  i n k  s t i l l  c a n n o t  be s een i n  t h e  
s i n u s e s  a t  t h i s  m a g n i f i c a t i o n .

x 240  Az u r  I I
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f l 9 i  1 5

Hi gh  power  v i e w  o f  s u b c a p s u l a r  s i n u s  o f  a n o t h e r  
n o d e .  I n k  p a r t i c l e s  a r e  more numer ous  t h a n  i n  
F i g .  1 4 ,  b u t  much l e s s  a b u n d a n t  t h a n  f o l l o w i n g  I P  
i n j e c t i o n  ( F i g .  1 0 2 ) .  A l l  t h e  l a r g e  d a r k l y  
s t a i n e d  c e l l s  a r e  mast  c e l l s ,  no t  t o  be c o n f u s e d  
w i t h  i n k - l a d e n  m a c r o p h a g e s .

x 3 00  A z u r l l

M g .  16

S u b c a p s u l a r  and i n t e r m e d i a t e  s i n u s e s ,  2 days  
a f t e r  I V  i n j e c t i o n  o f  i n k .  Ca r bon  p a r t i c l e s  a r e  
m o d e r a t e l y  a b u n d a n t  i n  s i n u s  ma c r o p h a g e s  and 
l i t t o r a l  c e l l s  ( a r r o w s ) .

x 4 00  A d u l t  r a t  H & E
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F i g s . 17 & 18

5 da ys  a f t e r  I V  i n j e c t i o n  o f  i n k .  N o t e :

1)  More a b u n d a n t  i n k  p a r t i c l e s  i n  s i n u s
ma c r o p h a g e s  and l i t t o r a l  c e l l s  ( a r r o w s ) .

2)  Abs ence  o f  i n k  p a r t i c l e s  i n  and a r o u n d  
e n d o t h e l i a l  c e l l s  o f  h i g h  e n d o t h e l i a l  
v e n u l e s  ( V ) .

x 3 0 0 ,  x 4 00  A d u l t  r a t  H & E





E 1 9 *  12
Thymi c  haemol ymph node o f  ne wbor n  r a t ,  s howi ng  an 
a f f e r e n t  l y m p h a t i c  w i t h  a v a l v e  C a f f )  a p p r o a c h i n g  
t h e  c a p s u l e .  The n u c l e i  o f  t h e  e n d o t h e l i a l  c e l l s  
o f  t h e  l y m p h a t i c  w a l l  and v a l v e s ,  a r e  v i s i b l e .  
S e v e r a l  e r y t h r o c y t e s  a r e  seen i n  t h e  l y m p h a t i c  
l umen .

x 4 00  H & E Newbor n r a t
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E l S i  20

D i s s e c t i o n  o f  a t h y m i c  haemol ymph n o d e ,  s howi ng  3 
a f f e r e n t  Lymph v e s s e l s  f r om t h e  d i a p h r a g m  
( r e t r o s t e r n a l  -  open a r r o w ,  and m e d i a s t i n a l  
c l o s e d  a r r o w s )  d e m o n s t r a t 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 ,  f o l l o w e d  by 
v a s c u l a r  p e r f u s i o n .  No t e  a f f e r e n t  l y m p h a t i c s  
e n t e r  t h e  d a r k  ( r e d d i s h )  p a r t  o f  t h e  n o d e .
Th -  t hymus  g l a n d ,  L -  l u n g .

x 10 A d u l t  r a t





parathym ic nodes
subclavian vein

p o s te r io r  m e d ia s tin a l node

Thymus
£19.1. 21

E ffe re n t lymph drainage of parathym ic and p o s te r io r  m e d ia s tin a l 

haemolymph nodes.

Thymus

Parathymic lymph nodes-4

Cardiac lym phatic  trunkp o s te r io r  
m e d ias tin a l node

h i l a r  lym phatic  trunk

lung

h e art

F ig . 22

Regional lymph drainage o f h eart and lu n g .



F i g .  23

TEM m i c r o g r a p h  o f  m e d u l l a r y  s i n u s  ( Ms)  o f  t h y m i c  
haemol ymph n o d e .  P s e u d o p o d i a  ( a r r o w s )  o f  a l a r g e  
ma c r o p h a g e  ( Ma)  p a r t l y  s u r r o u n d  f o u r  r ed  b l o o d  
c e l l s  ( R b c ) .  The c y t o p l a s m  o f  t h e  ma c r opha ge  
c o n t a i n s  numer ous  m i t o c h o n d r i a  (m)  and many 
phagosomes o f  v a r y i n g  s i z e  ( P h ) .  N -  n u c l e u s .

Ly -  l y m p h o c y t e ,  M -  mast  c e l l .  Me -  m e d u l l a r y  
c o r d .  End -  e n d o t h e l i a l  l i n i n g  o f  m e d u l l a r y  
s i n u s .

x 2 , 1 0 0  A d u l t  r a t





F i g .  24

TEM m i c r o g r a p h  o f  a n o t h e r  ma c r o p h a g e  ( Ma)  i n  t h e  
m e d u l l a r y  s i n u s  ( M s ) .  I n  t h e  c y t o p l a s m  o f  t h e  
ma c r o p h a g e  many l a r g e  phagosomes r e p r e s e n t i n g  
d e g r a d a t i o n  p r o d u c t s  o f  r ed b l o o d  c e l l s  a r e  seen  
( a s t e r i s k s ) .  The n u c l e u s  i s  no t  seen i n  t h e  
p l a n e  o f  t h i s  s e c t i o n .

m -  m i t o c h o n d r i a /  E -  e o s i n o p h i l .

x 2 , 8 0 0  A d u l t  r a t .





f l S i  25

M e d u l l a r y  s i n u s  ( Ms)  o f  a t h y m i c  haemol ymph node  
7 da ys  a f t e r  I V  i n j e c t i o n  o f  i n k .  A s i n u s o i d a l  
ma c r o p h a g e  ( Ma)  c o n t a i n s  many d a r k  i n k - l a d e n e d  
phagosomes ( a r r o w h e a d s ) .  The phagosomes
c o n t a i n i n g  i n k  s h o u l d  n o t  be c o n f u s e d  w i t h  d a r k  
s t a i n i n g  h a e m o s i d e r i n  g r a n u l e s  ( a s t e r i s k s ) .

M -  mast  c e l l ,  N -  n u c l e u s ,  Ly -  l y m p h o c y t e .

x 2 , 8 0 0 A d u l t  r a t
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F i g .  26

D i  ag r a m a t  i  c r e p r e s e n t a t i o n  o f  a L o b u l e  o f  t h e  t h y m u s  g l a n d .

( F r o m W e i s s ,  L . ,  1 9 8 3 )



F i g .  27

The l y m p h o b l a s t s  ( L y )  i n  t h e  p e r i p h e r a l  c o r t e x  
a r e  s e p a r a t e d  f r om t h e  c o l l a g e n  f i b r e s  ( C o l )  o f  
t h e  c a p s u l e  by a t h i n  p r o c e s s  o f  an e p i t h e l i a l -  
r e t i c u l a r  c e l l  ( Ep )  r e s t i n g  on a b a s e me n t  
membrane ( a r r o w s ) .  The a b u n d a n t  c y t o p l a s m  of  t h e  
l y m p h o b l a s t s  c o n t a i n  numer ous  f r e e  r i b o s o m e s ,  
and t h e  m i t o c h o n d r i a  ( a s t e r i s k s )  show w e l l  
d e v e l o p e d  c r i s t a e .

P -  p l a s ma  c e l l

x 5 , 6 0 0  Rat  6 B l .  12
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F i g .  28

A c o r t i c a l  ma c r o p h a g e  ( Ma)  c o n t a i n i n g  an a p p a r e n t  
d e g e n e r a t e  l y m p h o c y t e  ( l o n g  a r r o w )  and numer ous  
v a c u o l e s  c o n t a i n i n g  amor phous  m a t e r i a l  ( s h o r t  
a r r o w s ) .  The ma c r o p h a g e  i s  s u r r o u n d e d  by 
l y m p h o i d  c e l l s  ( L y )  and p r o c e s s e s  o f  one 
e p i t h e  I i a  I - r e t i c u  I a r  c e l l  ( E p )  w i t h  p r o m i n e n t  
t o n o f i  I ament s  ( a r r o w  h e a d ) .

x 2 , 1 0 0  Rat  7 B l .  6
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E lS i 12

E l e c t r o n  m i c r o g r a p h  o f  a n o t h e r  c o r t i c a l  
ma c r o p h a g e  ( Ma)  w i t h  e n g u l f e d  l y m p h o c y t e s  
( a r r o w s )  and a g r e a t  number  o f  e l e c t r o n - d e n s e  
c y t o p l a s m i c  i n c l u s i o n s .  B o r d e r i n g  t h e  ma c r o p h a g e  
i s  p a r t  o f  an e p i t h e  I i a  I - r e t i c u  I a r  c e l l  ( Ep )  
c o n t a i n i n g  l a r g e  v a c u o l e s  ( V a ) ,  some o f  wh i c h  a r e  
p a r t i a l l y  f i l l e d  w i t h  a f i n e  g r a n u l a r  m a t e r i a l .

Ly -  l y m p h o c y t e .

x 4 , 2 0 0 Rat  4 B l .  14





Fig. 30
A m e d u l l a r y  ma c r o p h a g e  ( Ma)  c o n t a i n i n g  p o r t i o n s  
o f  e n g u l f e d  l y m p h o c y t e s  s howi ng  v a r y i n g  d e g r e e s  
o f  d e g r a d a t i o n  ( a r r o w s ) ,  and i n c l u s i o n s  o f  
v a r y i n g  d e n s i t i e s .  A p o r t i o n  o f  a d e n d r i t i c  
e p i t h e  I i a  I - r e t i c u  I a r  c e l l  ( E p ) ,  w i t h  i t s  p a l e  
n u c l e u s ,  i s  seen c l o s e  t o  t h e  m a c r o p h a g e .

x 2 , 1 0 0  Rat  1 B l .  3
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Fig. 31
A m e d u l l a r y  ma c r o p h a g e  ( M a ) ,  c o n t a i n i n g  one  
d e g e n e r a t e d  l y m p h o c y t e  ( d e )  and many i n t r a -  
c y t o p l a s m i c  i n c l u s i o n s .

Ly -  l y m p h o c y t e .

x 5 , 6 0 0  Rat  1 B l .  2
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F i g .  32

A mast  c e l l  ( M ) ,  w i t h  i t s  c h a r a c t e r i s t i c  
e l e c t r o n - d e n s e  g r a n u l e s ,  i s  l o c a t e d  i n  t h e  deep  
c o r t e x  o f  t h e  t h y m u s .  S u r r o u n d i n g  i t  i s  a r a nge  
o f  i n t e r m e d i a t e  ( T )  and s m a l l  ( S )  l y m p h o c y t e s .

x 2 , 1 0 0  Rat  5 B l .  9
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F ig .  33
E l e c t r o n  m i c r o g r a p h  o f  an e o s i n o p h i l  ( E )  w i t h  i t s  
t y p i c a l  s p i n d l e - s h a p e d  b a nde d  g r a n u l e s  i n  t h e  
t h y m i c  m e d u l l a .

Ly -  l y m p h o c y t e .

x 7 , 0 0 0  Rat  1 B l .  2



jv.o-' v :S;* ' '  ;!

mm



Fig- 34
E l e c t r o n  m i c r o g r a p h  o f  a m e d u l l a r y  e p i t h e l i a l -  
r e t i c u l a r  c e l l  ( E p ) .  I t  shows a l a r g e  p a l e  
n u c l e u s  w i t h  d i s p e r s e d  c h r o m a t i n ,  numer ous  
b u n d l e s  o f  t o n o f i  I ament s  ( s h o r t  a r r o w s ) ,  r ough  
e n d o p l a s m i c  r e t i c u l u m  ( a r r o w h e a d s )  and s c a t t e r e d  
e l e c t r o n - d e n s e  c y t o p l a s m i c  i n c l u s i o n s  ( l o n g  
a r r o w s ) .

x 2 , 8 0 0  Rat 1 B l .  2
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M g .  35

E l e c t r o n  m i c r o g r a p h  o f  a m e d u l l a r y  e p i t h e l i a l -  
r e t i c u l a r  c e l l  c o n t a i n i n g  l a r g e  i n t r a c e l l u l a r  
d i l a t e d  v a c u o l e s  ( V a ) .  T o n o f i I  a ment s  ( a r r o w s )  
and a p r o m i n e n t  G o l g i  a p p a r a t u s  can be s e e n .  The 
n u c l e u s  i s  no t  i n  t h e  p l a n e  o f  s e c t i o n .

Ly -  l y m p h o c y t e .

x 5 , 6 0 0  Rat  4 B l .  14
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F i g .  3 6

An i n t e r d i g i t a t i n g - r e t i c u  I um c e l l  i n  t h e  t h y m i c  
m e d u l l a .  I t  c o n t a i n s  an i r r e g u l a r l y  shaped  
n u c l e u s  ( N)  w i t h  a p r o m i n e n t  n u c l e o l u s ,  a w e l l -  
d e v e l o p e d  s ys t e m o f  s m o o t h - s u r f a c e d  v e s i c l e s  ( V ) ,  
and a f ew t u b u I o - v e s i c u  I a r  s t r u c t u r e s  ( T v )  i n  t h e  
c e n t r e .

Ly -  l y m p h o c y t e ,  m -  m i t o c h o n d r i a ,
Ep -  e p i t h e  I i a  I - r e t i c u  I a r  c e l l .

x 2 , 8 0 0  Rat  6 B l .  7
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F i g . 37

An i n t e r d i g i t a t i n g - r e t i c u l u m  c e l l  e x t e n d s  f i n g e r 
l i k e  c y t o p l a s m i c  p r o j e c t i o n s  b e t w e e n  n e i g h b o u r i n g  
m e d u l l a r y  l y m p h o c y t e s  ( L y ) .  N -  n u c l e u s ,  
m -  m i t o c h o n d r i a ,  V -  v e s i c l e ,  Tv -  c e n t r a l  
t u b u I o - v e s i c u I  a r  s t r u c t u r e .

x 5 , 6 0 0  Rat  1 B l .  2





Fig., 38
E l e c t r o n  m i c r o g r a p h  o f  a l a r g e ,  u n u s u a l  
ma c r o p h a g e  l o c a t e d  i n  t h e  t h y m i c  m e d u l l a .  The  
d a r k  e l o n g a t e d  n u c l e u s  ( N)  i s  pushed t o  t h e  
p e r i p h e r y  by many i n t r a c e l l u l a r  c y s t s  ( C y ) ,  some 
o f  w h i c h  c o n t a i n  m i c r o v i l l i  ( M v ) ,  and by s m a l l e r  
v a c u o l e s  ( V a )  g i v i n g  t h e  c e l l  a f oamy a p p e a r a n c e .

Ly -  l y m p h o c y t e .

x 2 , 8 0 0  Rat  1 B l .  2
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Fi g. ,  39

E l e c t r o n  m i c r o g r a p h  o f  a n o t h e r  d a r k ,  u n u s u a l  c e l l  
p r e s e n t  i n  t h e  m e d u l l a  s u r r o u n d e d  by l y m p h o c y t e s  
( L y )  and p r o c e s s e s  o f  i n t e r d i g i t a t i n g - r e t i c u I  urn 
c e l l  ( I D C ) .  No t e  t h e  d a r k  n u c l e u s  ( N ) ,  t h e  dense  
c y t o p l a s m  and t h e  p r e s e n c e  o f  many s p a c e s  and 
v a c u o l e s  ( V a )  c o n t a i n i n g  I i p i  d - d r o p  I e t s . These
f e a t u r e s  m i g h t  i n d i c a t e  some k i n d  o f  d e g e n e r a t i n g  
p r o c e s s  o f  an e p i t h e  I i a  I - r e t i c u I  a r  c e l l .

x 4 , 2 0 0  Rat  1 B l .  2
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F ig. 40
A low power  e l e c t r o n  m i c r o g r a p h  o f  a c y s t i c  
H a s s a l l ' s  c o r p u s c l e .  E l o n g a t e d  e p i t h e l i a l  c e l l s  
( E p )  w i t h  p r o m i n e n t  t o n o f i I  a m e n t s ,  a r e  
c o n e e n t r i c a  11 y a r r a n g e d  a r o u n d  t h e  c e n t r a l  c y s t i c  
e p i t h e l i a l  c e l l .  T h e r e  a r e  3 p e r i p h e r a l  
i n t r a c e l l u l a r  c y s t s  ( Cy )  c o n t a i n i n g  amor phous  
m a t e r i a l .  The c e n t r e  o f  t h e  c o r p u s c l e  i s  c y s t i c  
and t h e  l i n i n g  e p i t h e l i a l  c e l l s  have  m i c r o v i l l i  
( l o n g  a r r o w s ) .  The c e n t r a l  c y s t  i s  o f t e n  f i l l e d  
w i t h  d e g e n e r a t i v e  c e l l u l a r  d e b r i s ,  i n c l u d i n g  
l y m p h o c y t e s  ( s h o r t  a r r o w s ) .

x 1 , 4 0 0  Rat  7 B l .  11
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fig - 41
Numer ous  p r o m i n e n t  b u n d l e s  o f  t o n o f i I  a ment s  i 
e p i t h e l i a l - r e t i c u l a r  c e l l  f o r m i n g  p a r t  of  
H a s s a i l * s  c o r p u s c l e .

n an 
a

x 1 0 , 0 0 0 Rat  1 3
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F i g . 42

A s c a n n i n g  e l e c t r o n  m i c r o g r a p h  o f  l y m p h o c y t e s
p r e s e n t  i n  t h e  c o r t e x  o f  t h e  t h y m u s .  These
l y m p h o c y t e s  c l o s e l y  r e s e m b l e  t h e  s eeds  i n s i d e  a
pomeg r a n a t e .

Rat  10





F i g .  43

Scheme o f  t h e  d i s t r i b u t i o n  o f  b l o o d  v e s e l s  i n  a t h y m i c  

l o b u l e .

( F r o m  K r s t i c ,  R . V . ,  1 9 8 4 )

s C o n n e c t i v e  t i s s u e  s e p t u m

IA I n t e r l o b u l a r a r t e r y  ( o r  p r i m a r y  s e p t a l  a r t e r y )

IV I n t e r  I o b u I  a r v e i n  ( o r  p r i m a r y  s e p t a l  v e i n )

A r t  = A r t e r i o l e

A I n t r a l o b u l a r a r t e r y  ( o r  s e c o n d a r y  s e p t a l  a r t e r y )

V I n t r a l o b u l a r v e i n  ( o r  s e c o n d a r y  s e p t a l  v e i n )

Cap = C a p i l l a r y

Po s t  = P o s t - c a p i l l a r y  v e n u l e



F ig. 44
A t r a n s v e r s e  s e c t i o n  o f  a b l o o d  c a p i l l a r y  i n  t h e  
c o r t e x  o f  t h e  t h y m i c  l o b u l e .  No t e  t h e  p r e s e n c e  
of  e l e c t r o n - l u c e n t  and de nse  f o r m s  o f  t he  
c a p i l l a r y  e n d o t h e l i a l  l i n i n g .  The c a p i l l a r y  
l umen i s  c o m p l e t e l y  s u r r o u n d e d  by a t h i c k  l a y e r  
o f  c y t o p l a s m i c  p r o c e s s e s  ( a r r o w s )  o f  e p i t h e l i a l  -  
r e t i c u l a r  c e l l s  ( E p ) .  The p e r i v a s c u l a r  space  
( P v s )  a t  t h i s  l e v e l  o f  v e s s e l  s i z e  c o n t a i n s  o n l y  
c o l l a g e n  f i b r e s  and p r o c e s s e s  o f  a p e r i c y t e  
( P e r )  .

Ly -  l y m p h o c y t e .

x 2 , 1 0 0  Rat  7 ,  B l .  6





M g .  45

A c o r t i c a l  b l o o d  c a p i l l a r y  p a r t i a l l y  s u r r o u n d e d  
by c y t o p l a s m i c  p r o c e s s e s  o f  e p i t h e  I i a  I - r e t i c u I  a r  
c e l l s  ( l o n g  a r r o w s ) .  L y mp h o c y t e s  ( L y )  and 
p r o c e s s e s  o f  p e r i c y t e  ( P e r )  s u r r o u n d  t h e  
c a p i l l a r y  e n d o t h e l i u m .  The e n d o t h e l i a l  c e l l s  
c o n t a i n  p i n o c y t o t i c  v e s i c l e s  ( s h o r t  a r r o w s )  and 
show l u m i n a l  c y t o p l a s m i c  p r o j e c t i o n s  ( a s t e r i s k ) .

x 3 , 5 0 0  Rat  7 B l . 6
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Fig. 46
A t r a n s v e r s e  s e c t i o n  t h r o u g h  3 c o r t i c a l  b l o o d  
c a p i l l a r i e s  ( p r o b a b l y  b r a n c h e s  o f  one v e s s e l ) .  
E n d o t h e l i u m  ( E n d )  i s  c o n t i n u o u s  w i t h  no 
f e n e s t r a t i o n ,  and c o n t a i n s  v e s i c l e s  o f  v a r i o u s  
s i z e s .  The p e r i v a s c u l a r  s p a c e s  a r e  o u t l i n e d  by 
p r o c e s s e s  o f  e p i t h e  I i a  I - r e t i c u  I a r  c e l l s  ( a r r o w s ) .

Per  -  p e r i c y t e ,  Ly -  l y m p h o c y t e .

x 2 , 1 0 0  Rat  7 B l . 6





F i g .  47

A m e d u l l a r y  b l o o d  c a p i l l a r y  s u r r o u n d e d  c o m p l e t e l y  
by b a s a l  l a m i n a  ( l a r g e  a r r o w s )  o f  two e p i t h e l i a l -  
r e t i c u l a r  c e l l s  ( E p ) .  The s m a l l  a r r o w  p o i n t s  t o  
e n d o t h e l i a l  c e l l  b a s a l  l a m i n a .  S e v e r a l  p r o c e s s e s  
o f  p e r i c y t e s  ( P e r )  and c o l l a g e n  f i b r e s  a r e  
p r e s e n t  i n  t h e  p e r i v a s c u l a r  s pace  ( P v s ) .  
The e n d o t h e l i a l  c e l l  ( E n d )  c o n t a i n s  v e s i c l e s  
( a s t e r i s k s ) .  No 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 e  
p r e s e n t .  No t e  t h e  v a r i a b l e  e I e c t r o n - d e n s i t y  of  
t h e  c a p i l l a r y  e n d o t h e l i u m .

Ly -  L y m p h o c y t e s .

x 2 , 1 0 0  Rat  5 B l .  9
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E i 2 i  !±8

A m e d u l l a r y  b l o o d  c a p i l l a r y  s howi ng  s i m i l a r  
f e a t u r e s  t o  F i g .  4 7 .  The p e r i v a s c u l a r  space  
( P v s )  i s  b e t w e e n  t h e  a r r o w s .

Ep -  e p i t h e l i a l - r e t i c u l a r  c e l l ,  Pe r  -  p e r i c y t e ,  
L y -  l y m p h o c y t e .

x 2 , 8 0 0  Rat  5 B l .  9
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F i g .  49

A low power  e l e c t r o n  m i c r o g r a p h  o f  a m e d u l l a r y  
v e n u l e  and p a r t  o f  t h y m i c  m e d u l l a .  The p r o c e s s e s  
o f  e p i t h e  I i a  I - r e t i c u  I a r  c e l l s  and t h e i r  b a s a l  
l a m i n a e  a r e  c l e a r l y  v i s i b l e  ( a r r ows) .  The space  
b e t w e e n  t h e  b l o o d  v e s s e l  and t h e  e p i t h e l i a l  c e l l s  
( E p )  i s  f i l l e d  w i t h  c e l l s  i n c l u d i n g  s ma l l  
l y m p h o c y t e s  ( L y ) ,  ma c r o p h a g e s  ( M a ) ,  and 
i n t e r d i g i t a t i n g - r e t i c u  I urn c e l l s  ( I d c ) .

Per  -  p e r i c y t e ,  End -  v a s c u l a r  e n d o t h e l i u m .

x 1 , 4 0 0  Rat  4 B 1 . 5





F i g .  50

A b r a n c h i n g  b l o o d  c a p i l l a r y  i n  t h e  m e d u l l a r y  
p a r e n c h y ma  o f  t h e  t h y m u s .  The p e r i v a s c u l a r  space  
( P v s )  i s  p a r t i a l l y  s u r r o u n d e d  by w e l l - d e f i n e d  
e p i t h e l i a l  c e l l  p r o c e s s e s  ( a r r o w s ) .  Wher e  t h e
c a p i l l a r y  i s  no t  s u r r o u n d e d  by e p i t h e l i a l -
r e t i c u l a r  c e l l s ,  i t  i s  i n  c o n t a c t  w i t h
l y m p h o c y t e s  ( L y )  and i n t e r d i g i t a t i n g  r e t i c u l u m  
c e l l s  ( I d c ) .  End -  e n d o t h e l i u m .

x 3 , 5 0 0  Rat  7 B l .  11
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f i g . 51

E l e c t r o n  m i c r o g r a p h  o f  a m e d u l l a r y  v e n u l e  and 
p a r t  o f  t h e  m e d u l l a r y  p a r e n c h y ma  w h i c h  shows 
s i m i l a r  f e a t u r e s  t o  F i g .  4 9 .  The p e r i v a s c u l a r  
spac e  i s  w e l l  d e l i n e a t e d  by t h e  b a s a l  l a m i n a e  of  
e p i t h e  I i a  I - r e t i c u I  a r  c e l l s  ( a r r o w s ) .  Smal l  
l y m p h o c y t e s  ( L y )  and i n t e r d i g i t a t i n g  c e l l s  ( I d c )  
a r e  seen i n  t h e  s p a c e .

Ep -  e p i t h e  I i a  I - r e t i c u I  a r  c e l l ,  Pyk -  p y k n o t i c  
l y m p h o c y t e .

x 1 , 4 0 0  Rat  1 B l .  2





F i g .  52

A r e d u c e d  e l e c t r o n  m i c r o s c o p i c  mo n t a g e  of  a 
m e d u l l a r y  a r t e r i o l e  ( A r t )  and a c a p i l l a r y  ( C a p ) .  
Bot h  a r e  p a r t i a l l y  s u r r o u n d e d  by e p i t h e l i a l  basa l  
l a m i n a  ( a r r o w s ) .

Ep -  e p i t h e  I i a  I - r e t i c u I  a r  c e l l ,  Ma -  ma c r o p h a g e ,  
End -  e n d o t h e l i a l  c e l l ,  Sm -  smoot h mu s c l e  c e l l ,  
Per  -  p e r i c y t e ,  Rbc -  r ed  b l o o d  c e l l .

Rat  7 B l .  11





Elfli 5 3
A h i g h e r  m a g n i f i c a t i o n  o f  t h e  w a l l  o f  a medul l a r y  
a r t e r i o l e  ( A r t )  shown i n  F i g .  5 2 .  The lumen is 
l i n e d  by e n d o t h e l i u m  ( E n d )  c o n t a i n i n g  t h e  usual  
c y t o p l a s m i c  o r g a n e l l e s .  Smoot h musc l e  c e l l s  
( S m ) .  A d v e n t i t i a  c o n s i s t s  m a i n l y  of  c o l l agen  
f i b r e s  ( C f ) .

x 5 , 6 0 0  Rat  7 B l .  11
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F i g . 54

An e x a mp l e  o f  a n o t h e r  m e d u l l a r y  b l o o d  c a p i l l a r y  
w i t h  s i m i l a r  f e a t u r e s  as d e s c r i b e d  i n  F i g s -  47 & 
4 8 .  Bot h  e p i t h e l i a l  ( l o n g  a r r o w s )  and
e n d o t h e l i a l  ( s m a l l  a r r o w s )  b a s a l  l a m i n a e  are  
c l e a r l y  v i s i b l e -  The p e r i v a s c u l a r  space  ( Pvs )  
c o n t a i n s  o n l y  c o l l a g e n  f i b r e s  ( C f )  and p r o c e s s e s  
o f  p e r i c y t e s  ( P e r ) -  No t e  t h e  e l e c t r o n - d e n s e  
a r e a s  ( a r r o w  h e a d s )  i n  c o n t r a s t  t o  t h e  r e s t  of  
t h e  e n d o t h e l i a l  l i n i n g  ( E n d )  wh i c h  i s  e l e c t r o n -  
l u c e n t .

Ly -  l y m p h o c y t e ,  I d c  -  i n t e r d i g i t a t i n g - r e t i c u I u m  
c e l l .

x 5 , 6 0 0  Rat  7 BL.  11
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F i g .  55

A low power  p h o t o m i c r o g r a p h  o f  a s e c o n d a r y  s e p t a l  
( i n t r a l o b u l a r )  a r t e r i o l e  ( A r )  s u r r o u n d e d  by 
a p e r i v a s c u l a r  space  ( P v s )  p a c k e d  w i t h  s e v e r a l  
rows o f  c e l l s ,  p r e d o m i n a n t l y  s m a l l  l y m p h o c y t e s .  
The se  p e r i v a s c u l a r  l y m p h o c y t e s  a p p e a r  s m a l l e r  and 
s t a i n e d  more d e e p l y  t h a n  p a r e n c h y m a t o u s  
l y m p h o c y t e s ;  p r e s u m a b l y  t h e  c h a r a c t e r i s t i c  of  
m a t u r i  t y .

x 250  Rat  8 H & E

F i g .  56

A h i g h e r  m a g n i f i c a t i o n  o f  some c e l l s  f o u n d  i n  the  
p e r i v a s c u l a r  s pac e  d e s c r i b e d  i n  F i g .  5 5 .  Note 
t h e  p r e s e n c e  o f  many p l a s ma  c e l l s  ( a r r o w s )  most 
o f  w h i c h  a r e  m a t u r e  as i n d i c a t e d  by t h e  p r o mi n e n t  
c y t o p l a s m i c  v a c u o l e s  ( r e p r e s e n t i n g  a w e l l -  
d e v e l o p e d  G o l g i  a p p a r a t u s ) .

x 1 , 2 5 0  Rat  8 H & E





F i S i  57

Hi gh  m a g n i f i c a t i o n  o f  t h e  same p e r i v a s c u l a r  space  
i n  F i g .  5 5 .

P -  p l a sma  c e l l ,  M -  mast  c e l l ,  Mo -  m o n o c y t e ,  
Ar -  A r t e r i o l e .

x 1 , 2 5 0  Rat  8 H & E

E l S i  58

A c r o s s - s e c t i o n a l  v i e w  o f  a s m a l l  i n t r a l o b u l a r  
a r t e r i o l e  ( A r )  s u r r o u n d e d  by a p r o p o r t i o n a I l y  
s m a l l  p e r i v a s c u l a r  s pace  c o n t a i n i n g  one row of  
sma11 l y m p h o c y t e s .

x 4 00  Rat  4 H & E
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F i g .  59

A low power  p h o t o m i c r o g r a p h  o f  a v e n u l e  ( V)  
s u r r o u n d e d  by a s pace  f i l l e d  w i t h  c e l l s ,  most  of  
w h i c h  a r e  s m a l l  d a r k I y - s t a i n e d  l y m p h o c y t e s .  Not e  
t h e  p r o m i n e n t  e p i t h e l i a l  b o u n d a r y  ( a r r o w s )  wh i ch  
s e p a r a t e s  t h e  s pace  f r o m t h e  r e s t  o f  t h e  t h y m i c  
p a r e n c h y m a .

x 320  Rat  6 B l .  7 Az u r  I I

F i g .  60

A m e d u l l a r y  
e p i t h e l i a l  
p e r i v a s c u l a r  
number  o f  
l y m p h o c y t e s .

v e n u l e
b a s a l
space

c e l l s ,

( V )  c o m p l e t e l y  s u r r o u n d e d  by 
l a m i n a  ( a r r o w s ) .  The

( P v s )  c o n t a i n s  a mo d e r a t e  
most  o f  wh i c h  a r e  s ma l l

x 280  Rat  1 B l .  2 Az u r  I I
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F i g .  61

A low power  e l e c t r o n  m i c r o g r a p h  o f  an 
i n t r a l o b u l a r  a r t e r i o l e  ( A r )  w i t h  a p o r t i o n  o f  i t s  
w i d e  p e r i v a s c u l a r  space  ( P v s ) .  Many s ma l l  
l y m p h o c y t e s  ( L y ) ,  a red b l o o d  c e l l  ( R b c )  and a 
ma c r o p h a g e  ( Ma)  a r e  seen i n  t h e  s p a c e .  
E p i t h e  I i a  I - r e t i c u  I a r  c e l l s  ( Ep )  w i t h  t h e i r  
p r o m i n e n t  b a s a l  l a m i n a  a r e  c l e a r l y  d e m o n s t r a t e d  
( a r r o w s ) .  No t e  t h e  b r a n c h i n g  c h a r a c t e r  o f  t he  
e p i t h e  I i a  I - r e t i c u  I urn f o r m i n g  a me s h wo r k ,  w i t h i n  
w h i c h  l y m p h o i d  c e l l s  l i e  i n  t h e  i n t e r s t i c e s  
( b e t w e e n  a r r o w s ) .

I d c  -  i n t e r d i g i t a t i n g - r e t i c u I  urn c e l l .

x 1 , 4 0 0  Rat  6 B l .  7
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F i g .  62

An e l e c t r o n  m i c r o s c o p i c  p h o t o g r a p h  o f  a c o r t i c o -  
m e d u l l a r y  v e n u l e  ( V )  w i t h  i t s  c l e a r l y  v i s i b l e  
p e r i v a s c u l a r  s pace  ( P v s ) .

Ly -  s m a l l  l y m p h o c y t e ,  Ep -  e p i t h e  I i a  I - r e t i c u  I ar  
c e l l ,  P -  p l a sma  c e l l ,  End -  e n d o t h e l i u m ,  
Per  -  p e r i c y t e .

x 1 , 4 0 0  Rat  5 B 1 . 1
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F i g .  6 3

E l e c t r o n  m i c r o g r a p h  o f  an a r t e r i o l e  (A)  
a c c o m p a n i e d  by a v e n u l e  C V ) ; b o t h  a r e  l o c a t e d  a t  
t h e  c o r t i c o - m e d u l l a r y  j u n c t i o n  o f  t h e  t h y m u s .  I t  
shows s i m i l a r  f e a t u r e s  t o  F i g .  6 2 .

Pvs -  p e r i v a s c u l a r  s p a c e ,  End -  e n d o t h e l i u m ,  
Sm -  smoot h mu s c l e  c e l l ,  Per  -  p e r i c y t e ,  
P -  p l a sma  c e l l ,  Ly -  s m a l l  l y m p h o c y t e ,  
Ep -  e p i t h e l i a l - r e t i c u l a r  c e l l ,  Cap -  b l o o d  
c a p i l l a r y ,  ( a r r o w s )  -  e p i t h e l i a l  b a s a l  l a m i n a .

x 1 , 4 0 0  Rat  5 B l .  9





F i g .  64

An e l e c t r o n  m i c r o s c o p i c  mo nt a ge  o f  a p e r i v a s c u l a r  
spac e  mar ked  B i n  F i g .  8 8 .  The space  ( P v s )  i s  
s e p a r a t e d  f r o m t h e  t h y m i c  p a r e n c h y ma  by a c l e a r l y  
v i s i b l e  b a s a l  l a m i n a  ( a r r o w s )  o f  e p i t h e l i a l -  
r e t i c u l a r  c e l l s  ( E p ) .  No t e  t h e  s m a l l  s i z e  and 
de ep  s t a i n i n g  o f  p e r i v a s c u l a r  l y m p h o c y t e s  ( Ly )  
compar e d  t o  p a r e n c h y m a t o u s  l y m p h o c y t e s  ( T ) .

A -  a r t e r i o l e ,  V -  v e n u l e ,  Sm -  smoot h muscl e  
c e l l ,  Pyk -  p y k n o t i c  l y m p h o c y t e ,  Mf -  m i t o t i c  
f i g u r e .

x 1 , 4 0 0  Rat  1 B l .  10





F i g .  66

E l e c t r o n  m i c r o g r a p h  o f  an i n t r a l o b u l a r  a r t e r i o l e  
( A)  and i t s  a c c o m p a n y i n g  v e n u l e  ( V )  w i t h  p a r t  of  
t h e i r  p e r i v a s c u l a r  s pace  ( P v s ) .  The s pace  i s  
c l e a r l y  o u t l i n e d  by b a s a l  l a m i n a  ( a r r o w s )  of  
e p i t h e l i a l - r e t i c u l a r  c e l l s  ( E p ) .  I t  c o n t a i n s  
c o l l a g e n  f i b r e s  ( C f ) ,  a mast  c e l l  (M)  and a 
f i b r o b l a s t  ( F ) .

End -  e n d o t h e l i a l  c e l l ,  Sm -  smoot h mu s c l e  c e l l ,  
Pe r  -  p e r i c y t e ,  Ly -  l y m p h o c y t e ,  P -  p l a s ma  c e l l ,  
Mf -  m i t o t i c  f i g u r e ,  ( a r r o w h e a d s )  -  e n d o t h e l i a l  
c y t o p l a s m i c  p r o j e c t i o n s ,  ( a s t e r i s k s ) -  e n d o t h e l i a l  
p i n o c y t o t i c  v e s i c l e s .

x 2 , 1 0 0  Rat  6 B l .  13
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E l O i  67

P a r t  o f  a t h y m i c  l o b u l e .  The d a r k e r  c o r t e x  ( Co)  
s u r r o u n d s  a p a l e r  m e d u l l a  ( M e ) .  T h i s  p h o t o g r a p h  
shows t h e  c o u r s e  and d i s t r i b u t i o n  o f  a r t e r i a l  
b l o o d  s u p p l y  f r om c o n n e c t i v e  t i s s u e  sept um t o  t he  
t  hymi  c m e d u l l a .

He -  H a s s a l l ' s  c o r p u s c l e
A -  I n t r a l o b u l a r  ( s e c o n d a r y  s e p t a l )  a r t e r y  
B -  m e d u l l a r y  a r t e r y

x 200  Rat  2 H & E

F i g r  68

A c r o s s - s e c t i o n  t h r o u g h  t h y m i c  m e d u l l a .  Numerous  
e r y t h r o c y t e s  l i e  f r e e l y  i n  t h e  r e t i c u l o -  
e p i t h e l i a l  meshwor k  among l y m p h o c y t e s .  Not e  t h a t  
t h i s  c o l l e c t i o n  o f  e r y t h r o c y t e s  i s  o n l y  c o n f i n e d  
t o  t h e  m e d u l l a ,  p a r t i c u l a r l y  a r o u n d  i t s  bl ood  
v e s s e l s  ( B v ) .

x 4 00  Rat  3 H & E
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F i g .  6 9

A s c a n n i n g  e l e c t r o n  m i c r o g r a p h  of  p a r t  o f  a 
t h y m i c  b l o o d  v e s s e l  ( B v )  and i t s  p e r i v a s c u l a r  
s pace  ( P v s )  . The v e s s e l  i s  s u r r o u n d e d  by two 
c o n c e n t r i c  e p i t h e l i a l  b a s a l  l a m i n a e  ( a r r o w s ) .  
The s pac e  c o n t a i n s  c o l l a g e n  f i b r e s  ( C f )  and 
l y m p h o c y t e s  ( a s t e r i s k ) .

Rat  9

F i g .  70

A low power  p h o t o m i c r o g r a p h  o f  a s m a l l  l y m p h a t i c  
v e s s e l  l o c a t e d  i n  t h e  c a p s u l e  o f  t h e  thymus  
( a r r o w ) .

x 3 20  Rat  8 B l .  12 H & E



tifhrf.



Fi.g. 7 1
T h i s  e l e c t r o n  m i c r o g r a p h  d e m o n s t r a t e s  t h e  f i n e  
s t r u c t u r e  o f  a p o r t i o n  o f  t h e  c a p s u l a r  l ymph
v e s s e l  shown i n  F i g .  7 0 .

End -  f l a t t e n e d  e n d o t h e l i a l  w a l l  l a c k i n g  a b a s a l
l a m i n a ,  J1 -  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
j u n c t i o n ,  J2 -  i n t e r d i g i t a t i n g  e n d o t h e l i a l  c e l l
j u n c t i o n ,  Cf  -  c o l l a g e n  f i b r e s ,  F -  f i b r o b l a s t ,  
L -  l y m p h a t i c  l umen c o n t a i n i n g  p r e c i p i t a t e d  
l y mp h ,  ( a r r o w s )  -  a n c h o r i n g  f i l a m e n t s .

x 7 , 0 0 0  Rat  6 B l .  12





M g .  72

A s e c t i o n  o f  t h e  t hymus  g l a n d ,  s h o wi n g  an a r t e r y  
( H a ) ,  a v e i n  ( H v )  and a l y m p h a t i c  ( H I )  i n  t he
h i l a r  r e g i o n .  An a r t e r y  ( A)  and a v e i n  ( V )  a r e
a l s o  p r e s e n t  i n  t h e  o u t e r  end o f  a s e p t u m,  whi ch
a l s o  c o n t a i n s  s e v e r a l  s e c t i o n a l  p r o f i l e s  o f  t he
l y m p h a t i c  ( s h o r t  a r r o w s ) .
I NSET :  See F i g .  73

x 80 Rat  4 B l .  15 H & E

ElSi 11
Hi g h  power  v i e w  o f  t h e  a r e a  o u t l i n e d  i n  F i g .  72 .  
I t  shows a s e c t i o n a l  p r o f i l e  o f  l y m p h a t i c  ( L)  
w h i c h  c o n t a i n s  a b i - c u s p i d  v a l v e  ( a r r o w ) .

A -  a r t e r y ,  V -  v e i n ,  N -  n e r v e  b u n d l e .

x 3 20  Rat  4 B l .  15 H & E





F i g .  74

A h i g h  power  v i e w  o f  a h i l a r  l y m p h a t i c  ( H I )  
c o n t a i n i n g  many s m a l l  l y m p h o c y t e s  ( d a r k l y -  
s t a i n e d )  and a f ew e r y t h r o c y t e s  ( l i g h t l y -  
s t a i n e d ) .  Ha -  h i l a r  a r t e r y ,  N -  n e r v e  b u n d l e .

x 4 00  Rat  5 B l .  4 H & E





f i g . 75

A c r o s s - s e c t i o n  t h r o u g h  a p r i m a r y  c o n n e c t i v e  
t i s s u e  sept um o f  t h e  t h y m u s .  F o l l o w i n g  v a s c u l a r
p e r f u s i o n ,  b l o o d  v e s s e l s  a p p e a r  empt y  and
d i s t e n d e d  and have a w e l l  d e f i n e d  w a l l .  
L y m p h a t i c  v e s s e l s  ( L )  c o n t a i n  p r e c i p i t a t e d  lymph 
and a p p e a r  g r a y ,  w i t h  an i r r e g u l a r  o u t l i n e .  The 
n u c l e i  o f  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  the  
l y m p h a t i c ,  a r e  v i s i b l e .  Two p l a sma  c e l l s
( a r r o w s )  a r e  s een c l o s e  t o  t h e  l y m p h a t i c  w a l l .

A -  a r t e r y ,  V -  v e i n .

x 4 00  Rat  1 B l .  2 H & E

M g . .  76

A p r i m a r y  s e p t a l  ( i n t e r l o b u l a r )  l y m p h a t i c  (L)
p r e s e n t  c l o s e  t o  a v e i n  ( V ) .  I t  c o n t a i n s  a few
s m a l l  l y m p h o c y t e s .  T h i s  l y m p h a t i c  was s e l e c t e d  
f o r  f u r t h e r  u l t r a - t h i n  s e c t i o n i n g  i n  o r d e r  to 
s t u d y  i t s  f i n e  s t r u c t u r e  ( S e e  F i g s .  8 4 ,  85 & 86) .

x 4 0 0  Rat  6 B l .  13 H & E





f i S i  11
A mont age  o f  a L o n g i t u d i n a l  s e c t i o n  o f  a p r i m a r y  
s e p t a l  a r t e r y  ( A ) .  T h r o u g h o u t  i t s  l e n g t h  i t  i s  
a c c o m p a n i e d  by s e v e r a l  s e c t i o n a l  p r o f i l e s  o f  a 
l y m p h a t i c  ( l o n g  a r r o w s ) .  Numer ous s ma l l
l y m p h o c y t e s  and a f ew ma c r o p h a g e s  ( s h o r t  a r r o w s )  
can be seen i n  t h e  l y m p h a t i c .

R a t 4  B l . 5  H & E
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F i g .  78

A h i g h  power  p h o t o m i c r o g r a p h  s howi ng  a p r i m a r y  
s e p t a l  a r t e r y  ( A)  a c c o m p a n i e d  by a v e i n  ( V ) .  Two 
s e c t i o n e d  p r o f i l e s  o f  a l y m p h a t i c  ( a r r o w s )  a r e  
p r e s e n t  c l o s e  t o  t h e  a r t e r y .  They  c o n t a i n  many 
s m a l l  d a r k l y - s t a i n e d  l y m p h o c y t e s .

x 4 0 0  Rat  2 H & E

F i g .  79

T h i s  shows t wo p r o f i l e s  o f  a s e c o n d a r y  s e p t a l  
( i n t r a l o b u l a r )  a r t e r y  ( A)  w i t h  a l y m p h a t i c  v e s s e l  
( L )  i n  b e t w e e n .  The l y m p h a t i c  c o n t a i n s  a few 
s m a l l  l y m p h o c y t e s ,  h a v i n g  t h e  same s i z e  and 
d e n s i t y  o f  s t a i n i n g  as p e r i v a s c u l a r  l y m p h o c y t e s .  
N o t e  t h e  p e r i v a s c u l a r  s pa c e  ( P v s )  i s  c l e a r l y  
o u t l i n e d  by e p i t h e l i a l  b a s a l  l a m i n a  ( a r r o w s ) .

x 4 00  Rat  7 B l .  8 H & E





fl9i 80
A n o t h e r  e x a mp l e  o f  a s e c o n d a r y  s e p t a l  a r t e r y  (A)  
w i t h  s i m i l a r  f e a t u r e s  t o  F i g .  7 9 .  The lymph 
v e s s e l  ( a r r o w s )  i s  f i l l e d  w i t h  s m a l l  l y m p h o c y t e s .

x 4 00  Rat  6 B l .  12 H & E

§1

Two s e c o n d a r y  s e p t a  a p p r o a c h i n g  c o r t i c o - m e d u 1 1  ary  
j u n c t  i o n .

A -  a r t e r y ,  V -  v e i n ,  L -  l ymph v e s s e l ,  

x 250  Rat  6 B l .  13 H & E





f l 9 i  §2
The a r t e r y  ( A)  a c c o m p a n i e d  by v e i n  CV) and Lymph 
v e s s e l  ( L )  a r e  L o c a t e d  a t  t h e  c o r t i c o - m e d u L L a r y  
j u n c t i o n -  No t e  t h a t ,  as t h e  p e r i v a s c u l a r  space  
( P v s )  a p p r o a c h e s  t h e  m e d u l l a  i t s  e p i t h e l i a l  b a s a l  
l a m i n a  ( a r r o w s )  become c o n t i n u o u s  w i t h  t h e  
r e t i c u I o - e p i t h e  I i a  I f r a m e w o r k  o f  t h e  m e d u l l a .

x 4 00  Rat  6 B l .  13 H & E

E l S i  83

T h i s  shows a l ymph v e s s e l  ( L )  l o c a t e d  i n  t he  
o u t e r  m e d u l l a .  I t  c o n t a i n s  many s ma l l
l y m p h o c y t e s -  No t e  t h a t  a t  t h i s  p o w e r ,  t he
L y m p h a t i c  e n d o t h e l i a l  w a l l  i s  b a r e l y  v i s i b l e .

x 3 20  Rat  4 B l .  15 H & E





F i g .  84

An e l e c t r o n - m i c r o s c o p i c  mont a ge  o f  a c o l l e c t i n g  
l y m p h a t i c  v e s s e l  ( L )  shown i n  F i g .  7 6 .  The 
v e s s e l  i s  l o c a t e d  i n  a p r i m a r y  s e p t u m,  c l o s e  t o  
an empt y  v e i n  ( V ) .  I t  c o n t a i n s  s e v e r a l  d a r k l y -  
s t a i n e d  s m a l l  l y m p h o c y t e s  ( L y )  w i t h  m i c r o v i l l i  
p r e s e n t  on t h e i r  o u t e r  c e l l  s u r f a c e .

End 1 -  e n d o t h e l i a l  l i n i n g  o f  v e i n  
End 2 -  e n d o t h e l i a l  c e l l  o f  l y m p h a t i c  
Sm -  smoot h mu s c l e  c e l l
F -  f i b r o b l a s t  o r  mesenchyma I - I  i k e  c e l l
Cf  -  c o l l a g e n  f i b r e s
Ep -  e p i t h e  I i a  I - r e t i c u  I a r  c e l l
( a r r o w s )  -  c y t o p l a s m i c  p r o c e s s e s  o f  e p i t h e l i a l  

c e l l  and i t s  b a s a l  l a m i n a  
P -  p l a s ma  c e l l  
T -  p a r e n c h y m a t o u s  l y m p h o c y t e  
I NSET :  See F i g .  86

Rat  6 B l .  13





E l 9 i  85

An e n l a r g e m e n t  o f  p a r t  o f  t h e  l y m p h a t i c  v e s s e l  
( L )  shown i n  F i g .  8 4 .

End 1 -  e n d o t h e l i a l  l i n i n g  o f  v e i n  ( V )
End 2 -  l y m p h a t i c  e n d o t h e l i a l  w a l l  s h o wi n g  many

p i n o c y t o t i c  v e s i c l e s  and o v e r l a p p i n g
i n t e r c e l l u l a r  j u n c t i o n s  ( J )

Sm -  smoot h mu s c l e  c e l l
F -  f i b r o b l a s t
Cf  -  c o l l a g e n  f i b r e s
Ep -  e p i t h e  I i a  I - r e t i c u I  a r  c e l l
( a r r o w s )  -  p r o m i n e n t  e p i t h e l i a l  b a s a l  l a m i n a  
P -  p l a s ma  c e l l
Ly -  c i r c u l a t i n g  l y m p h o c y t e  p r e s e n t  i n  l y m p h a t i c  

v e s s e l
T -  p a r e n c h y m a t o u s  l y m p h o c y t e  
( a s t e r i s k )  -  p r e c i p i t a t e d  l ymph

x 2 , 1 0 0  Rat  6 B l .  13





fi g.  86
A f u r t h e r  e n l a r g e m e n t  o f  t h e  a r e a  o u t l i n e d  i n  
F i g .  8 4 .  E n d o t h e l i a l  l i n i n g  ( End 1 ) ,  o f  v e i n  ( V)  
i s  s u r r o u n d e d  by a l a y e r  o f  w e l l  d e v e l o p e d  smooth  
mu s c l e  ( S m ) ;  b o t h  a r e  bounded by a p r o m i n e n t  and 
c o n t i n u o u s  b a s e me n t  membrane (Bm = a r r o w h e a d s ) .  
The e n d o t h e l i a l  w a l l  ( End 2)  o f  t h e  l y m p h a t i c  ( L )  
i s  more f l a t t e n e d ,  c o n t a i n s  numer ous  p i n o c y t o t i c  
v e s i c l e s ,  and has a d i s c o n t i n u o u s  b a s a l  l a mi n a  
( a r r o w s ) .
F -  p r o c e s s e s  o f  f i b r o b l a s t s  
Cf -  c o l l a g e n  f i b r e s

x 1 0 , 0 0 0  Rat  6 B l .  13





F i g .  87

E l e c t r o n  m i c r o g r a p h  showi ng  a p o r t i o n  o f  a 
l y m p h a t i c  c a p i l l a r y  ( L y  C a p ) ,  a v e i n  ( V ) ,  and a 
b r a n c h i n g  v e n u l e  i n  an i n t e r l o b u l a r  s e p t u m.  Not e  
t h e  c o n t e n t  o f  p r e c i p i t a t e d  l y mp h ,  t h e  a t t e n u a t e d  
e n d o t h e l i a l  w a l l  and t h e  a b s e n c e  o f  c e l l
p e r i c y t e s  a r o u n d  t h e  l y m p h a t i c  c a p i l l a r y .  The 
b a s a l  l a m i n a  i s  a l s o  a b s e n t ,  a l t h o u g h  t h i s  c a n n o t  
be seen c l e a r l y  a t  t h i s  m a g n i f i c a t i o n .  Two s ma l l  
l y m p h o c y t e s  a r e  seen i n s i d e  t h e  l ymph c a p i l l a r y .  
T h i s  a n i m a l  r e c e i v e d  an I V  i n j e c t i o n  o f  i n d i a
i n k ,  b e f o r e  i t  was k i l l e d  7 da y s  l a t e r .  Even
a f t e r  t h i s  l ong  p e r i o d ,  c a r b o n  p a r t i c l e s  ( C)  a r e  
o n l y  seen i n  l u m i n a  o f  v e i n  and v e n u l e ,  a d h e r e n t  
t o  t h e i r  e n d o t h e l i a l  l i n i n g .  T h e r e  i s  no t r a c e  
of  p a r t i c l e s  t o  be f o u n d  i n  t h e  p e r i v a s c u l a r  
s pa c e  ( P v s ) ,  nor  i n  t h y m i c  p a r e n c h y m a .

N -  m y e l i n a t e d  and u n m y e l i n a t e d  n e r v e  f i b r e s
M -  mast  c e l l
Cf  -  c o l l a g e n  f i b r e s
( a r r o w s )  -  e p i t h e l i a l  c e l l u l a r  p r o c e s s e s  and 

b a s a l  l a m i n a  
T -  p a r e n c h y m a t o u s  l y m p h o c y t e

x 1 , 4 0 0  Rat  12
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F i g .  88

T h i s  p h o t o m i c r o g r a p h  shows a b r a n c h i n g  
i n t e r l o b u l a r  v e i n  ( V )  and a p o r t i o n  o f  t h y m i c
p a r e n c h y m a .  The a r e a s  mar ked  A,  B,  and C a r e
p e r i v a s c u l a r  s pa c e s  m a g n i f i e d  i n  F i g s .  9 1 ,  64  and 
89 r e s p e c t i v e l y .  An u n u s u a l  c o l l e c t i o n  of  
l y m p h o c y t e s ,  e n c l o s e d  by p r o m i n e n t  e p i t h e l i a l
b a s a l  l a m i n a  ( a r r o w s ) ,  i s  c l e a r l y  v i s i b l e  i n  t h e  
p a r e n c h y m a ;  d a r k  p y k n o t i c  l y m p h o c y t e s  and 
ma c r o p h a g e s  w i t h  a f oamy a p p e a r a n c e  ( a r r o w  he ads )  
a r e  a l s o  s e e n .

x 175 Rat  6 B l .  10 H & E





F i g .  89

A r e d u c e d  e l e c t r o n  m i c r o s c o p i c  mo nt a ge  o f  t he  
a r e a  mar ked  ( C)  i n  F i g .  8 8 .  I t  shows a 
p e r i v a s c u l a r  s pac e  ( P v s )  c o n t a i n i n g  a l y m p h a t i c  
v e s s e l  ( L ) ,  a n e r v e  b u n d l e  ( N)  and many 
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  ( F )  or  
mesenchyma I - I  i k e  c e l l s .  The s e  p r o c e s s e s
p a r t i a l l y  e n c l o s e  i r r e g u l a r  " p r e - l y m p h a t i c "  
s p a c e s  ( P I )  c o n t a i n i n g  i n t e r s t i t i a l  f l u i d ,  
c o l l a g e n  f i b r e s  ( C f )  and many c e l l s .  They  become  
i n  c o n t i n u i u m  w i t h  e n d o t h e l i a l  c e l l s  o f  t he  
l y m p h a t  i c .

Ep -  e p i t h e  I i a  I - r e t i c u I  a r  c e l l s
E - e o s i n o p h i l
M -  mast  c e l l
Ly -  s m a l l  l y m p h o c y t e
Cap -  b l o o d  c a p i l l a r y
T -  p a r e n c h y m a t o u s  l y m p h o c y t e
I NSET :  See F i g .  90

Rat  6 B l .  10





F i g .  90

Hi g h  power  e l e c t r o n  m i c r o g r a p h  o f  a r e a  o u t l i n e d  
i n  F i g .  8 9 .

L -  l y m p h a t i c  v e s s e l  
Pvs -  p e r i v a s c u l a r  space  
PI  -  p r e l y m p h a t i c  c h a n n e l  
F -  f i b r o b l a s t  
Cf  -  c o l l a g e n  f i b r e s  
E -  e o s i n o p h i l
Ep -  e p i t h e l i a l  r e t i c u l a r  c e l l  
Ly -  s m a l l  l y m p h o c y t e  i n  ( P v s )
T -  p a r e n c h y m a t o u s  l y m p h o c y t e

x 2 , 1 0 0  Rat  6 B l .  10





£ 1 9 *  2 1

E l e c t r o n  m i c r o g r a p h  o f  t h e  a r e a  ma r k e d  ( A)  i n  
F i g .  8 8 .  I t  shows a p e r i v a s c u l a r  s pace  ( P v s )
c o n t a i n i n g  many s m a l l  and d i s t i n c t  d a r k
l y m p h o c y t e s  ( L y ) .  T h e s e  l y m p h o c y t e s  a r e
s u r r o u n d e d  by 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
f o r m i n g  " p r e  l y m p h a t i c "  s p a c e s  ( P I ) .

Ep -  e p i t h e  I i a  I - r e t i c u I  a r  c e l l  
V -  v e i n
T -  p a r e n c h y m a t o u s  l y m p h o c y t e

x 1 , 4 0 0  Rat  6 B l .  10





F i g .  92

T h i s  i s  a f u r t h e r  e x a mp l e  o f  a p e r i v a s c u l a r  space  
( P v s )  c o n t a i n i n g  many m e s e n c h y m a l - c e l l  p r o c e s s e s .  
Some p r o c e s s e s  p a r t i a l l y  e n c l o s e  c o l l a g e n  f i b r e s  
( C f ) ;  o t h e r s  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  ( P I )  c o n t a i n i n g  s m a l l  
l y m p h o c y t e s  and p r e c i p i t a t e d  p r o t e i n .

Cap -  b l o o d  c a p i l l a r y  
T -  p a r e n c h y m a t o u s  l y m p h o c y t e
PI  -  p r e - l y m p h a t i c

x 2 , 1 0 0  Rat  5 B l .  1





F i g .  93

Low power  p h o t o m i c r o g r a p h  o f  p e r i t o n e a l  s u r f a c e  
o f  t h e  l e f t  d i a p h r a g m .  I t  shows i n k - f i l l e d  
s u b p e r i t o n e a  I l y m p h a t i c  l a c u n a e  ( L ) .  No t e  t h a t  
t h e y  run p a r a l l e l  t o  mu s c l e  f i b r e s ,  and a r e  
s h a r p l y  d e l i n e a t e d  f r o m i n t e r - l a c u n a r  a r e a s  ( I I ) .

x 8 A d u l t  R a t ,  3 m i n u t e s  a f t e r  I P i n j e c t i o n  of  
i n k .





F i g s .  94 & 95

Low power  p h o t o m i c r o g r a p h s  o f  c r o s s - s e c t i o n  
t h r o u g h  t h e  f u l l  t h i c k n e s s  o f  t h e  d i a p h r a g m .  
No t e  t h a t  t h e  p e r i t o n e a l  s u r f a c e  f a c e s  upward  
( P e r )  and t h e  p l e u r a l  s u r f a c e  f a c e s  downwar d ( P I )  
and t h e  s k e l e t a l  mu s c l e  f i b r e s  i n  b e t w e e n .  F i g .  
94 shows two s e p a r a t e  s u b p e r i t o n e a  I l y m p h a t i c  
l a c u n a e  ( L ) .  I n  F i g .  95 one s u b p e r i t o n e a l  
l y m p h a t i c  l a c u n a  ( L 1 )  i s  seen c o n t i n u o u s  w i t h  
s u b p l e u r a l  l y m p h a t i c  p l e x u s  ( L 2 ) .

x 6 5 ,  x 150  A d u l t  r a t s ,  3 & 5 m i n u t e s  a f t e r  IP
i n j e c t i o n  o f  i n k .  H & E





M g s . .  96 & 97

Two m e d i u m- p o w e r  p h o t o m i c r o g r a p h s  showi ng  
s u b p e r i t o n e a L  L y m p h a t i c  Lacun ae  ( L )  a n a s t o m o s i n g  
w i t h  deep  c o L L e c t i n g  L y m p h a t i c s  ( CL )  o f  t h e  
di  aph r agm.  N o t e :

1)  The L a r g e  s i z e  o f  L y m p h a t i c  La cun a e  compar ed  
w i t h  bLood c a p i L L a r i e s

2)  T h e i r  c o n t e n t  o f  s t a i n e d  Lymph p r o t e i n s  and 
i n k  p a r t i c L e s

3 )  BLood v e s s e L s  ( B v ) ,  w h i c h  a r e  empt y  due t o  
v a s c u L a r  p e r f u s i o n

4 )  The p r e s e n c e  o f  v a L v e s  ( a r r o w h e a d s )  i n  
c o L L e c t i n g  L y m p h a t i c s .

N -  n e r v e  f i b r e s .

x 1 5 0 ,  x 150  AduLt  r a t s ,  5 m i n u t e s  a f t e r  I P
i n j e c t i o n  o f  i n k .  H & E





F i g .  98

A h i g h  power  v i e w  o f  a n o t h e r  d i a p h r a g m a t i c  
s u b p e r i t o n e a L  L y m p h a t i c  Lacuna ( L ) .  The La c u n a r  
Lumen i s  s e p a r a t e d  f r o m t h e  p e r i t o n e a L  c a v i t y  ( P)  
by a v e r y  t h i n  waL L ,  t h e  r o o f  o f  t h e  La cun a .  
T h i s  c o n s i s t s  o f  a s p e c i a L i s e d  me s o t h e L i u m ( Long  
a r r o w s ) ,  a f e n e s t r a t e d  e L a s t i c  membrane  
r e p r e s e n t e d  by a d a r k L y  s t a i n e d  i n t e r r u p t e d  L i n e ,  
a L a y e r  o f  coL Lagenous  bundLe s  ( s h o r t  a r r o w s ) ,  
and t h e  L y m p h a t i c  e n d o t h e L i a L  ceLLs  ( a r r o w h e a d s ) .

x 4 0 0  Young a d u L t  r a t  A z u r  I I
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F i g s .  99 & 100

P e r i p h e r a l  s i n u s e s  o f  p a r a t h y m i c  n o d e s ,  1 & 3
m i n u t e s  a f t e r  I P  i n j e c t i o n  o f  i n k .  I n  s p i t e  of  
t h i s  s h o r t  t i m e  i n t e r v a l ,  c a r b o n  p a r t i c l e s  
( a r r o w s )  a r e  a l r e a d y  c l e a r l y  seen  i n  t he  
s u b c a p s u l a r  and i n t e r m e d i a t e  s i n u s e s .

x 1 5 0 ,  x 4 00  . A d u l t  r a t s  FI & E
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F i g s .  1 0 1  & 102

P a r a t h y m i c  l ymph n o d e s ,  5 m i n u t e s  a f t e r  IP 
i n j e c t i o n  o f  i n k .  F i g .  101 shows a b u n d a n t  c a r bon  
p a r t i c l e s ,  p r i n c i p a l l y  i n  t h e  s u b c a p s u l a r  s i n u s .  
F i g .  1 02  i s  a h i g h e r  powe r  v i e w  o f  t h e  
s u b c a p s u l a r  s i n u s  s h o wi n g  many i n k - f i l l e d  
m a c r o p h a g e s  ( a r r o w s ) .

x 6 0 ,  x 4 00  A d u l t  r a t  H & E





f l 2 i  103

A d i s s e c t e d  r a t ,  15 m i n u t e s  a f t e r  I P  i n j e c t i o n  of  
i n d i a  i n k .  I n k  was r a p i d l y  a b s o r b e d  by 
s u b p e r i t o n e a l  l y m p h a t i c  p l e x u s  o f  t h e  d i a p h r a g m  
( a r r o w s )  and d i s t r i b u t e d ,  v i a  s e v e r a l  l ymph 
t r u n k s ,  t o  m e d i a s t i n a l  and r e t r o p e r i t o n e a l  l ymph 
n o d e s .

x 5 A d u l t  r a t





E l 9 i  1Q4

A h i g h e r  m a g n i f i c a t i o n  o f  t h e  r e t r o p e r i t o n e a l  
l ymph d r a i n a g e  r o u t e  ( a r r o w s )  o f  t h e  l e f t  
d i a p h r a g m  o f  F i g .  1 0 3 .

C -  c i s t e r n a l  n o d e ,  R -  l e f t  r e n a l  n o d e ,
Cr -  l e f t  c r u s  o f  t h e  d i a p h r a g m ,  K -  l e f t  k i d n e y

x 15 A d u l t  r a t





F ig .  1 0 5
D r a w i n g  o f  r e g i o n a l  l y m p h a t i c  d r a i n a g e  r o u t e s  
f o l l o w i n g  I P  i n j e c t i o n  o f  i n k .  The s t e r n u m  and 
p a r t  o f  t h e  r i b  cage  had been r e f l e c t e d  u p w a r d .



Retroperitoneal 
lymphatic trunk



F i g .  106

A d i a g r a m  s h o wi n g  v a r i o u s  L y m p h a t i c  d r a i n a g e  
r o u t e s  o f  t h e  d i a p h r a g m  and t h e i r  r e l a t i v e  
i m p o r t a n c e .  The L a t t e r  i s  j u d g e d  on t h e  b a s i s  of  
t h e i r  s i z e ,  f r e q u e n c y  and i n t e n s i t y  o f  t h e  d y e ,  
as d e m o n s t r a t e d  by t h e  key  u n d e r n e a t h .
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F i g .  107

A d i a g r a m  d e m o n s t r a t i n g  t h e  L y m p h a t i c  d r a i n a g e  
r o u t e s  o f  t h e  d i a p h r a g m  and t h e i r  r e l a t i o n s h i p  t o  
one a n o t h e r  and t o  r e g i o n a l  nodes  i n v o l v e d .
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F i g .  1 0 8

T h i s  i s  a c o m p o s i t e  d i a g r a m  o f  a c r o s s - s e c t i o n  
t h r o u g h  r a t  d i a p h r a g m .  I t  shows t h e  d i f f e r e n t  
c omp o n e n t s  o f  t h e  L y m p h a t i c  L a c u n a r  r o o f .  The 
p e r i t o n e a L  s u r f a c e  i s  u p p e r m o s t .
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f i g .  109

A T E M m i c r o g r a p h ,  t a k e n  f r o m i n t e r - l a c u n a r  a r e a  
o f  t h e  d i a p h r a g m a t i c  p e r i t o n e u m .  I t  m a i n l y  shows  
t h e  r a t h e r  f l a t t e n e d  m e s o t h e l i a l  c e l l  ( M e ) ,  i n  
c o n t r a s t  t o  s p e c i a l i s e d  c u b o i d a l  c e l l s  o f  t h e  
l a c u n a r  a r e a s  as d e m o n s t r a t e d  i n  t h e  f o l l o w i n g  
figures.
Col  -  b u n d l e s  o f  c o l l a g e n  f i b r e s .
F -  f i b r o b l a s t .

x 5 , 6 0 0  A d u l t  r a t





M g s .  H O  & H I

The se  TEM m i c r o g r a p h s  show a s u b p e r i t o n e a  I 
l y m p h a t i c  l a c u n a  ( L )  w i t h  i t s  o v e r l y i n g  r o o f  of  
c u b o i d a l  m e s o t h e l i a l  c e l l s  ( M e ) ,  a f e n e s t r a t e d  
e l a s t i c  membrane ( E l ) ,  a t h i n  band o f  c o l l a g e n o u s  
t i s s u e  ( C o l ) ,  and 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  
( E n d ) .  C o n t i n u o u s  m e s o t h e l i a l  b a s e me n t  membrane  
i s  i n d i c a t e d  by a r r o w s  i n  F i g .  1 1 1 .

P -  p e r i t o n e a l  c a v i t y ,  Sm -  s k e l e t a l  m u s c l e .

x 1 , 4 0 0 ,  x 2 , 8 0 0  A d u l t  r a t







F i g s .  1 1 2 *  H 3  & H 4

The se  TEN m i c r o g r a p h s  d e m o n s t r a t e  t h e  
u l t r a s t r u c t u r e  o f  t h e  L a c u n a r  r o o f  wh i c h  c o n s i s t s  
o f  s p e c i a l i s e d  c u b o i d a l  m e s o t h e l i a l  c e l l s  ( M e ) ,  a 
f e n e s t r a t e d  l a y e r  o f  e l a s t i c  t i s s u e  ( E l ) ,  b u n d l e s  
o f  c o l l a g e n o u s  f i b r e s  ( C o l )  c u t  i n  d i f f e r e n t  
p l a n e s  o f  s e c t i o n ,  and f i n a l l y  a l y m p h a t i c  
e n d o t h e l i a l  c e l l  ( E n d ) .  No t e  t h e  c a r b o n  
p a r t i c l e s  and l y m p h o p r o t e i n  p r e c i p i t a t e  i n  t h e  
l y m p h a t  i c .

C r e n a t e d  r e d  b l o o d  c e l l  ( a s t e r i s k ) ;  e n c i r c l e d  a r e  
desmosomal  j u n c t i o n s  b e t w e e n  a d j a c e n t  m e s o t h e l i a l  
c e l l s ;  P -  p e r i t o n e a l  c a v i t y ,  Cap -  b l o o d  
c a p i l l a r y ,  Sm -  s k e l e t a l  mu s c l e  -  F -  f i b r o b l a s t .

x 4 , 2 0 0 ,  x 2 , 1 0 0 ,  x 2 , 1 0 0  A d u l t  r a t s
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F i g s .  H 5  & H 6

Roof  o f  d i a p h r a g m a t i c  s u b p e r i t o n e a L  L y mp h a t i c  
Lacuna C L ) ,  s h o r t L y  a f t e r  I P  i n j e c t i o n  of  
c a r b o n .  The t r a c e r  i s  L o c a L i s e d  o v e r  m e s o t h e L i a L  
ceLL m a r g i n s  and w i t h i n  gaps  ( g )  b e t w e e n  a d j a c e n t  
c e L L s .  No t e  i n  F i g .  116 t h e  v a L v e - L i k e  f L a p s  of  
L y m p h a t i c  e n d o t h e L i a L  ceLLs  ( a r r o w s ) .

P -  p e r i t o n e a L  c a v i t y  
End -  L y m p h a t i c  e n d o t h e L i u m  
Me -  m e s o t h e L i a L  ceLLs  
EL -  e L a s t i c  t i s s u e
CoL -  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  

x 2 , 1 0 0 ,  x 3 , 5 0 0  Young a d u L t  r a t s

\







Figs .  H 7  & 118

TEM m i c r o g r a p h s  o f  a s t o m a l  o r i f i c e  ( S ) .  Not e  
t h a t  e n d o t h e l i a l  c e l l s  ( E n d )  e x t e n d  f r om  
l y m p h a t i c  l umen ( L )  i n t o  t h e  p e r i t o n e a l  c a v i t y  
( P )  b e t w e e n  b u n d l e s  o f  c o l l a g e n o u s  f i b r e s  ( C o l ) .  
T h i s  p r o v i d e s  a d i r e c t  p a s s a g e w a y  b e t w e e n  t h e  
p e r i t o n e a l  c a v i t y  and u n d e r l y i n g  l y m p h a t i c  
l a c u n a ,  t h r o u g h  w h i c h  c a r b o n  p a r t i c l e s  ( C)  and 
r ed b l o o d  c e l l s  ( a s t e r i s k )  pass  f r e e l y  and 
r a p i d l y  i n t o  t h e  l y m p h a t i c  l u me n .

Me -  p e r i t o n e a l  m e s o t h e l i a l  c e l l s .

x 4 , 2 0 0 ,  x 1 0 , 0 0 0  Young a d u l t  r a t s
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F ig. 1 1 9
T h i s  i s  a s e c t i o n  t h r o u g h  a st oma ( S )  c o n t a i n i n g  
a b u n d a n t  c a r b o n  p a r t i c l e s  ( C ) .

P -  p e r i t o n e a l  c a v i t y ,  L -  l y m p h a t i c  l u me n ,
Me -  m e s o t h e l i a l  c e l l .

x 5 , 6 0 0  Adu I t  r a t





E l s *  H Q

A t h i n  s e c t i o n  o f  t h e  d i a p h r a g m  t a k e n  t h r o u g h  t h e  
p l e u r a l  s u r f a c e  ( c f ,  F i g .  9 5 ) .  No t e  t h a t  t h e  
s u b p l e u r a l  l y m p h a t i c  p l e x u s  ( L )  i s  s e p a r a t e d  f r om  
t h e  p l e u r a l  c a v i t y  ( P I )  by a r a t h e r  t h i c k  l a y e r  
o f  c o n n e c t i v e  t i s s u e .

x 2 , 1 0 0  A d u l t  r a t





F i g s .  1 2 1  & 1 2 2

A f e n e s t r a t e d  b l o o d  c a p i l l a r y  ( C a p )  l o c a t e d  i n  
i n t e r m u s c u l a r  c o n n e c t i v e  t i s s u e  o f  t h e  d i a p h r a g m .  
N o t e :  1)  I t s  a t t e n u a t e d  e n d o t h e l i u m  has s e v e r a l

f e n e s t r a e  ( a r r o w s )  c l o s e d  by a t h i n
s i n g I e - 1  aye  r e d  d i a p h r a g m .

2)  The c o n t i n u o u s  e n d o t h e l i a l  b a s a l
l a m i n a  ( a r r o w h e a d s ) .

Col  -  c o l l a g e n o u s  f i b r e s ,  Sm -  s k e l e t a l  m u s c l e .

x 5 , 6 0 0 ,  x 1 0 , 0 0 0  A d u l t  r a t







E i s s .  1 2 3 *  124  & 125

S u r v e y  TEM m i c r o g r a p h s  showi ng  t h e  s t r u c t u r e  of  
t h e  L y m p h a t i c  w a l l ,  and i t s  r e l a t i o n s h i p  t o  t h e  
a d j o i n i n g  i n t e r m u s c u l a r  c o n n e c t i v e  t i s s u e  o f  t h e  
d i aph r a g m. N o t e :

1)  I r r e g u l a r  s e g me n t s  o f  t h e  b a s e me n t  l a m i n a  
( B l )

2)  A n c h o r i n g  f i l a m e n t s  ( a f )  a t t a c h e d  a t  a r e a s  of  
i n c r e a s e d  e l e c t r o n  d e n s i t y  and e x t e n d i n g  
b e t w e e n  t h e  c o l l a g e n  f i b r e s  ( C o l ) .

3 )  Numer ous  m i c r o p i n o c y t o t i c  v e s i c l e s  o f  v a r i o u s  
s i z e s  ( V )  i n  e n d o t h e l i a l  c e l l  c y t o p l a s m .

4 )  O v e r l a p p i n g ,  i n t e r d i g i t a t i n g  and p a t e n t  
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  shown a t  ( J 1 ) ,  
( J 2 )  and ( J 3 )  r e s p e c t i v e l y .

5 )  Ca r bon  p a r t i c l e s  ( C)  i n  t h e  l u m i n a  ( L )  and 
i n  some o f  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  ( J 3 ) .

Sm -  s k e l e t a l  m u s c l e .  Cap -  b l o o d  c a p i l l a r y .

x 1 0 , 0 0 0 ,  x 1 0 , 0 0 0 ,  x 5 , 6 0 0  A d u l t  r a t
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F i g s .  126  & 127

SEM o f  p e r i t o n e a l  s u r f a c e  o f  t h e  d i a p h r a g m .  
M e s o t h e l i a l  c e l l s  o v e r l y i n g  l a c u n a r  z o n e s  ( L )  a r e  
c u b o i d a l  i n  shape  and have  d i s t i n c t  b o u n d a r i e s ,  
w h i l e  c e l l s  o v e r  i n t e r - l a c u n a r  z o n e s  ( I I )  a r e  
more f l a t t e n e d  and i n d i v i d u a l  c e l l s  c a n n o t  be 
e a s i l y  d i s t i n g u i s h e d .  No t e  t h a t  t h e  p a r a l l e l  
bands  o f  l a c u n a r  z o n e s ,  o b s e r v e d  h e r e ,  c o r r e s p o n d  
t o  t h e  e l o n g a t e d  b l a c k  s t r e a k s  shown i n  F i g s .  93 
& 1 3 8 .

One w e e k - o l d  r a t ,  f i x e d  by i m m e r s i o n .







F i g .  128

H i g h e r  m a g n i f i c a t i o n  o f  a L a c u n a r  z o n e .  I t  
i l l u s t r a t e s  t h e  a p p e a r a n c e  o f  c u b o i d a l  c e l l s  
c o v e r i n g  t h e  l a c u n a r  r o o f .  N o t e :

1)  The n u c l e u s  o f  e ac h  i n d i v i d u a l  c e l l  i s  
r e p r e s e n t e d  by a d o m e - s h a p e d  s w e l l i n g  i n  t h e  
c e n t r a l  r e g i o n  ( a s t e r i s k s ) .

2 )  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 g  f r o m l a t e r a l  
w a l l s  o f  a d j a c e n t  c e n t r a l  r e g i o n s .  The se  a r e  
i n t e r c o n n e c t e d  t o  f o r m  a l o o s e  n e t w o r k  on t h e  
s u r f a c e  o f  c e l l  p e r i m e t e r s  ( a r r o w s ) .

3 )  A s t oma ( S )  b e t w e e n  s e v e r a l  m e s o t h e l i a l  c e l l s  
i s  shown w i t h  one r e d  b l o o d  c e l l  ( R b c )  c a u g h t  
i n  p a s s a g e .

One w e e k - o l d  r a t ,  f i x e d  by i m m e r s i o n .

E lS i 112

I n  t h i s  SEM m i c r o g r a p h ,  s e v e r a l  r e d  b l o o d  c e l l s  
a r e  l o c a t e d  w i t h i n  a s t o m a ,  p r e s u m a b l y  h a v i n g  
a l r e a d y  e n t e r e d  t h e  l y m p h a t i c  l u me n .

Young a d u l t  r a t ,  f i x e d  by p e r f u s i o n .





F ig s .  130 & 131

L a c u n a r  r o o f  o f  t h e  d i a p h r a g m a t i c  p e r i t o n e u m .  
Numer ous c i r c u l a r  s t o m a t a  a r e  o b s e r v e d  b e t w e e n  
l a c u n a r  m e s o t h e l i a l  c e l l s .

Young a d u l t  r a t ,  f i x e d  by p e r f u s i o n .





F i g .  132

A low power  SEM m i c r o g r a p h  o f  p e r i t o n e a l  s u r f a c e  
o f  t h e  d i a p h r a g m .  I t  shows,  once a g a i n ,  t h e  
l a c u n a r  r o o f  ( L )  and t h e  more f l a t t e n e d  c e l l s  o f  
i n t  e r - 1  a c una r a r e a s  ( I D .  Even a t  t h i s  low 
m a g n i f i c a t i o n ,  numer ous  s t o m a t a  a r e  o b s e r v e d  
b e t w e e n  a d j a c e n t  m e s o t h e l i a l  c e l l s  o f  t h e  l a c u n a r  
r o o f .

6 w e e k - o l d  r a t ,  f i x e d  by p e r f u s i o n .

E lS i  133

See f o l l o w i n g  p a g e .





F i g s .  1 3 3 *  1 3 4 *  135 & 136

ALL a r e  e n L a r g e m e n t s  o f  L a c u n a r  z one s  shown i n  
F i g .  1 3 2 .  I n  many a r e a s  o f  t h e  L a c u n a r  r o o f ,
p a t e n t  s t o m a t a  a r e  s e e n ,  u n d e r  Low power  ( F i g s .  
133  & 1 3 4 )  and i n  more d e t a i L  u n d e r  h i g h  power
( F i g s .  135 & 1 3 6 ) ,  b e t w e e n  a d j a c e n t  c u b o i d a L
m e s o t h e L i a L  c e L L s .  The se  s p e c i a L  o p e n i n g s  a r e
onLy f o u n d  i n  t h e  L a c u n a r  r o o f .  Many a p p e a r  t o  
be deep c h a n n e L s  e x t e n d i n g  beyond t h e  u n d e r L y i n g  
L a y e r  o f  c o n n e c t i v e  t i s s u e  ( F i g s .  136 & 1 3 7 ) .
No t e  t h a t  a mu s c u L a r  c o n t r a c t i o n ,  p r o b a b L y  due t o  
t h e  a c t i o n  o f  t h e  f i x a t i v e  or  t h e  d i a p h r a g m  has  
been f i x e d  i n  t h e  c o n t r a c t i o n - p h a s e ,  c a u s i n g
f o L d i n g  o f  t h e  d i a p h r a g m a t i c  s u r f a c e  ( F i g s .  132  & 
1 3 3 )  .

6 w e e k - o L d  r a t ,  f i x e d  by p e r f u s i o n .

Fig.135  

See a b o v e .





£ l 9 i  136

See p r e v i o u s  p a g e .

F i g .  1_37

SEM m i c r o g r a p h  s howi ng  t h e  L o c a t i o n  
( S )  a t  t h e  j u n c t i o n  o f  f i v e  c u b o i d a l  
c e l l s  ( n u mb e r e d  1 - 5 ) .

6 w e e k - o l d  r a t ,  f i x e d  by p e r f u s i o n .

o f  a st oma  
m e s o t h e l i a l





F i g .  1 3 8

A L ow- powe r  b a c k - s c a t t e r e d  SEN m i c r o g r a p h  s howi ng  
t h e  p e r i t o n e a l  s u r f a c e  o f  t h e  d i a p h r a g m ,  s h o r t l y  
a f t e r  I P  i n j e c t i o n  o f  c a r b o n .  The t r a c e r  has  
be en  r a p i d l y  a b s o r b e d  by s u b p e r i t o n e a I  l y m p h a t i c  
l a c u n a e  ( L )  wh i c h  a p p e a r  as e l o n g a t e d  b a n d s ,  and 
a r e  c l e a r l y  d i s t i n g u i s h e d  f r om i n t e r - I  a c u n a r  
z one s  ( I I ) .  Compare t h i s  v i e w  w i t h  F i g s .  9 3 ,  126  
and 1 2 7 .

A d u l t  r a t ,  f i x e d  by p e r f u s i o n .

F i g .  139

T h i s  i s  a h i g h - p o w e r  v i e w  o f  p a r t  o f  t h e  l a c u n a r
a r e a  shown i n  F i g .  1 3 8 .  I t  d e m o n s t r a t e s  t h e
l o c a l i s a t i o n  o f  many c a r b o n  p a r t i c l e s  a l o n g  t h e
m a r g i n s  and w i t h i n  s t o m a t a  b e t w e e n  a d j a c e n t
mesot  h e l i a l  c e l l s .

A d u l t  r a t ,  f i x e d  by p e r f u s i o n .





F i g s .  140  & 141

SEM m i c r o g r a p h s  s howi ng  t h e  p e r i t o n e a l  s u r f a c e  o f  
t h e  d i a p h r a g m  i n  a 20 d a y - o l d  r a t  e mb r y o .  Even  
a t  t h i s  s t a g e  o f  d e v e l o p m e n t ,  s t o m a t a  ( S )  a r e  
c l e a r l y  p r e s e n t  b e t w e e n  a d j a c e n t  m e s o t h e l i a l  
c e l l s .  The se  p e r i t o n e a l  s t o m a t a  may a p p e a r  e a r l y  
i n  d e v e l o p m e n t  o f  t h e  d i a p h r a g m ,  s i n c e  t h e y  wer e  
a l s o  o b s e r v e d  i n  18 d a y - o l d  r a t  e mb r y o .

20 d a y - o l d  r a t  e m b r y o ,  f i x e d  by i m m e r s i o n .





F i g s . 142 & 143

A t y p i c a l  mast  c e l l  l o c a t e d  on t h e  p e r i t o n e a l  
s u r f a c e  o f  t h e  d i a p h r a g m -  The c e l l  i n t e r i o r  i s  
p a r t i a l l y  e x p o s e d ,  so t h a t  t h e  d i s t r i b u t i o n  o f  
u n d e r l y i n g  c y t o p l a s m i c  g r a n u l e s  ( g r )  become  
a p p a r e n t .

A d u l t  r a t ,  f i x e d  by p e r f u s i o n -





F i g s .  144  & 145

The se  SEM m i c r o g r a p h s  show t h e  p l e u r a l  s u r f a c e  o f  
t h e  d i a p h r a g m .  No t e  t h a t  s t o m a t a  a r e  a l s o  
p r e s e n t  ( a r r o w s ) ,  b u t  i n  g e n e r a l  t h e y  a r e  f e w e r  
i n  number  t h a n  t h o s e  f o u n d  on d i a p h r a g m a t i c  
p e r i t o n e u m .  The se  s t o m a t a  a r e  r o u n d ,  o v a l  or  
s l i t - l i k e  i n  s h a p e ,  and some show a b r i d g e  
d i v i d i n g  t h e  o p e n i n g  ( S ) .

One w e e k - o l d  r a t ,  f i x e d  by i m m e r s i o n .





Figs_.  146  & 147

P a r i e t a l  p l e u r a  l i n i n g  t h e  t h o r a c i c  c a v i t y .  Not e  
t h a t  m e s o t h e l i a l  c e l l s  f o r m a s h e e t  o f  f l a t t e n e d  
c e l l s  w i t h  i n d i s t i n c t  b o u n d a r i e s .  The se  c e l l s  
have  numer ous  l o n g  m i c r o v i l l i  ( Mv)  w i t h  a f l u f f y  
appea  r a n e e .

Young a d u l t  r a t ,  f i x e d  by p e r f u s i o n .





F i g s .  148  & 149

V i s c e r a l  p l e u r a  o f  l u n g s .  The b o r d e r s  b e t w e e n  
i n d i v i d u a l  squamous m e s o t h e l i a l  c e l l s  a r e  
a p p a r e n t  ( a r r o w s ) .  T h e r e  a r e  many s h o r t  
m i c r o v i l l i  ( Mv)  on t h e  a p i c a l  c e l l  s u r f a c e .  No t e  
t h a t  s t o m a t a  a r e  not  f o u n d  i n  v i s c e r a l ,  nor  
p a r i e t a l  p l e u r a e  ( F i g s .  146  & 1 4 7 ) .  ( F i g .  149  
r e v e a l s  d e t a i l s  o f  t h e  p l e u r a l  s u r f a c e  a t  h i g h e r  
magni  f i  c a t i  o n ) .

A d u l t  r a t ,  f i x e d  by p e r f u s i o n .





F i g s .  150  & 151

P a r i e t a l  p e r i t o n e u m  o f  a b d o m i n a l  w a l l .  F i g .  150  
i s  a low m a g n i f i c a t i o n  s howi ng  t h e  r a t h e r  
f l a t t e n e d  m e s o t h e l i u m .  F i g .  151 i s  a h i g h e r  
m a g n i f i c a t i o n  s howi ng  many l o n g  s u r f a c e  
m i c r o v i l l i  ( M v ) .  No t e  t h a t  t h i s  s u r f a c e  
a p p e a r a n c e  i s  s i m i l a r  t o  t h a t  o f  p a r i e t a l  p l e u r a ,  
b u t  w i t h  f e w e r  m i c r o v i l l i  ( c . f .  w i t h  F i g s .  146  & 
1 4 7 )  .

A d u l t  r a t ,  f i x e d  by p e r f u s i o n .





F i g s .  152  & 153

V i s c e r a l  p e r i t o n e u m  o f  s p l e e n .  No t e  t h a t  t h e  
b o r d e r s  o f  m e s o t h e l i a l  c e l l s  a r e  c l e a r l y  v i s i b l e  
( a r r o w s ) .  S h o r t  f i n g e r - l i k e  m i c r o v i l l i  ( Mv)  
e x t e n d  f r o m t h e i r  f r e e  s u r f a c e  i n t o  t h e  
p e r i t o n e a l  c a v i t y .

A d u l t  r a t ,  f i x e d  by p e r f u s i o n .



j& X J r . ,

i>w



F i _ g s 154  & 155

V i s c e r a l  p e r i t o n e u m  o f  l i v e r .  I n  F i g .  1 5 4 ,  t h e  
b o r d e r s  o f  i n d i v i d u a l  m e s o t h e l i a l  c e l l s  ( Me)  a r e  
no t  as c l e a r l y  v i s i b l e .  The d e n s i t y  o f  
m i c r o v i l l i  v a r i e s  on m e s o t h e l i a l  s u r f a c e s  o f  
d i f f e r e n t  o r g a n s .  No t e  i n  F i g .  155  t h e  p r e s e n c e  
of  mast  c e l l s  ( a s t e r i s k s )  i n f i l t r a t i n g  
m e s o t h e l i a l  s u r f a c e  o f  t h e  l i v e r .  P e r i t o n e a l  
s t o m a t a  o r  o p e n i n g s ,  s i m i l a r  t o  t h a t  p r e s e n t  i n  
t h e  d i a p h r a g m  a r e  no t  seen i n  v i s c e r a l  ( F i g s .  
1 5 2 ,  153 & 1 5 4 )  nor  i n  p a r i e t a l  p e r i t o n e u m  ( F i g s .  
150  & 1 5 1 )  .

A d u l t  r a t ,  f i x e d  by p e r f u s i o n .




