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I  L L U S T R A T I O N S  .

F i g . 1  S u b o u t a n e o u s  t i s s u e  f r o m  t h i g h  o f  n o r m a l  m o u s e
s u p r a v i t a l l y  s t a i n e d  w i t h  j a n u s  g r e e n  a n d  n e u t r a l  r e d .

F i g . 2 S u b c u t a n e o u s  t i s s u e  o f  m o u s e  s t a i n e d  w i t h  j a n u s  g r e e n
1 - 5 0 0 0 ,  s h o w i n g  s t a i n i n g  o f  n u o l e u s  a n d  c y t o p l a s m .

F i g . 3 H i s t i o c y t e s  f r o m  s u b c u t a n e o u s  t i s s u e  s t a i n e d  w i t h
t r y p a n  b l u e .

F i g . 4  F i b r o c y t e s  a n d  c e l l s  d i f f i c u l t  t o  o l a s s i f y ,
f r o m  s u b c u t a n e o u s  t i s s u e  a f t e r  s t a i n i n g  w i t h  t r y p a n  b l u e .

F i g . 5  C e l l s  f r o m  s u b o u t a n e o u s  t i s s u e  o f  sa m e  m o u s e  a s  f i g s . 3 A 4
s u p r a v i t a l l y  s t a i n e d  w i t h  n e u t r a l  r e d .

F i g . 6 S u b c u t a n e o u s  t i s s u e  o f  r a b b i t  s t a i n e d  b y  i n t r a v e n o u s
i n j e c t i o n ^  o f  t r y p a n  b l u e .

F i g . 7  C e l l s  f r o m  m e s e n t e r y  o f  m o u s e  a f t e r  t h r e e  i n t r a p e r i t o n e a l
i n j e o t i o n s  o f  i s a m i n e  b l u e .

F i g . 8  C e l l s  f r o m  s u b c u t a n e o u s  t i s s u e  o f  sa m e  a n i m a l .

F i g . 9 C e l l s  f r o m  t h e  m e s e n t e r y  o f  a  r a b b i t  a f t e r  r e p e a t e d
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  d i a m i n e  f a s t  s c a r l e t .

F i g . 1 0  C e l l s  f r o m  s u b o u t a n e o u s  t i s s u e  o f  m o u s e  4  m o n t h s
a f t e r  s t a i n i n g  w i t h  v i t a l  n e w  r e d .

F i g . 1 1  C e l l s  f r o m  s u b o u t a n e o u s  t i s s u e  o f  g u i n e a  p i g  a f t e r
s t a i n i n g  w i t h  t r y p a n  b l u e  f o l l o w e d  b y  l i t h i u m  c a r m i n e .

F i g . 1 2  C e l l s  f r o m  s u b o u t a n e o u s  t i s s u e  s h o w i n g  i n t r a c e l l u l a r
d y e  o r y s t a l s .

F i g .  1 3  C e l l s  f r o m  sa m e  a n i m a l  s h o w i n g  s u p r a v i t a l  s t a i n i n g
w i t h  n e u t r a l  r e d .

F i g . 1 4  I m m a t u r e  r e d  b l o o d  c o r p u s c l e s  — r e t i c u l o c y t e s  -
1 5  s u p r a v i t a l l y  s t a i n e d  w i t h  b r i l l i a n t  o r e s y l  b l u e .
1 6

F i g . 1 7  L u n g  o f  m o u s e  s h o w i n g  a c c u m u l a t i o n  o f  l e u c o c y t 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  s a c c h a r a t e d  o x i d e  o f  i r o n .

F i g . 1 8  L i v e r  o f  m o u s e  s h o w i n g  a c c u m u l a t i o n  o f  l e u c o c y t e s  i n
v e i n s  a n d  s i n u s o i d s .

F i g . 1 9  L i v e r  o f  r a b b i t  a f t e r  r e p e a t e d  i n j e c t i o n s  o f  t r y p a n  b l u e ,
( l o w  p o w e r ) .

F i g . 2 0  L i v e r  o f  r a b b i t  a f t e r  7  i n t r a v e n o u s  i n j e c t i o n s  o f  t r y p a n
b l u e ,  ( h i g h  p o w e r ) .

F i g . 21  L i v e r  o f  m o u s e  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 d i a  i n k .

F i g . 2 2  L i v e r  o f  m o u s e  t h r e e  w e e k s  a f t e r  r e p e a t e d  i n j e c t i o n s
o f  i n d i a  i n k .



I L L U S T R A T I O N S  ( c o n t .  ) .

F i g . 23 H i g h  p o w e r  d r a w i n g  o f  l i v e r  o f  m o u s e  5 h o u 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  o f  i n d i a  i n k .

F i g . 2 4 I n t e r f o l l i o u l a r  p u l p  o f  s p l e e n  o f  g u i n e a  p i g  a f t e r  
8  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  t r y p a n  b l u e .

F i g . 25 M a l p i g h i a n  b o d y  o f  sa m e  s p l e e n .

F i g . 26 H i g h  p o w e r  d r a w i n g  o f  v e n o u s  s i n u s o i d  o f  s a m e  s p l e e n .

F i g . 27 M a l p i g h i a n  b o d y  o f  s p l e e n  o f  m o u s e  3 h o u 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  o f  i n d i a  i n k .

F i g . 2 8 P u l p  s h o w i n g  a  v e n o u s  s i n u s o i d  f r o m  sa m e  s p l e e n .

F i g . 29 S p l e e n  o f  m o u s e  a f t e r  t h r e e  i n t r a v e n o u s  i n j e c t i o n s  
o f  s a c c h a r a t e d  o x i d e  o f  i r o n .

F i g . 30 F e m o r a l  e p i p h y s i s  o f  r a b b i t  2 4  h o u 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  o f  i n d i a  i n k .

F i g .  31 C e l l u l a r  m a r r o w  f r o m  f e m o r a l  s h a f t  o f  sa m e  r a b b i t .

F i g . 32 T r a n s v e r s e  s e c t i o n  o f  f e m o r a l  m a r r o w  o f  r a b b i t  1 0  
d a y 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 d i a  i n k .

F i g . 33 A p o r t i o n  o f  t h e  sa m e  m a r r o w  u n d e r  h i g h e r  m a g n i f i c a t i o n

F i g . 34 D r a w i n g  u n d e r  o i l  i m m e r s i o n  o f  m a r r o w  o f  r a b b i t  
2 4  h o u r s  a f t e r  i n j e c t i o n  o f  i n d i a  i n k .

F i g . 35 L y m p h a t i o  g l a n d  o f  m o u s e  a f t e r  s u b c u t a n e o u s  i n j e o t i o n  
o f  t r y p a n  b l u e .

F i g . 36 L y m p h a t i c  g l a n d  o f  m o u s e  4  w e e k s  a f t e r  a  s e r i e s  o f  
s u b c u t a n e o u s  i n j e c t i o n s  o f  i s a m i n e  b l u e .

F i g . 37 L y m p h a t i c  g l a n d  o f  m o u s e  a f t e r  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  a f f e r e n t  l y m p h a t i c s .

F i g . 38 O m en tu m  o f  n o r m a l  g u i n e a  p i g .

F i g . 39 Om ent um o f  r a b b i t  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 s  o f  
i n d i a  i n k  a n d  t r y p a n  b l u e .

F i g . 40 Lo w p o w e r  p h o t o m i c r o g r a p h  o f  m e s e n t e r y  o f  sa m e  r a b b i t .

F i g . 41 A p o r t i o n  o f  f i g . 4 0  u n d e r  h i g h e r  m a g n i f i c a t i o n .

F i g . 4 2 Om ent um o f  r a b b i t  a f t e r  r e p e a t e d  i n t r a v e n o u s  i n j e c t i o n s  
o f  t r y p a n  b l u e .

F i g . 43 H i g h  p o w e r  d r a w i n g  o f  t h e  s a m e  o m e n t u m .

F i g . 44 S u p r a r e n a l  g l a n d  o f  m o u s e  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 d i a  i n k  .



I  L L U S T R A T I O N S  ( c o n t . )

F i g . 45 S u p r a r e n a l  g l a n d  o f  m o u s e  a f t e r  r e p e a t e d  i n t r a v e n o u s  
i n j e o t i o n s  o f  s a c c h a r a t e d  o x i d e  o f  i r o n .

F i g . 46 A n t e r i o r  l o b e  o f  p i t u i t a r y  g l a n d  o f  r a b b i t  s t a i n e d  
b y  r e p e a t e d  i n t r a v e n o u s  i n j e c t i o n s  o f  t r y p a n  b l u e .

F i g . 4 7 P a n c r e a s  o f  g u i n e a  p i g  a f t e r  8  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  t r y p a n  b l u e .

F i g . 48 K i d n e y  o f  m o u s e  a f t e r  t w o  i n j e c t i o n s  o f  t r y p a n  b l u e .

F i g . 49 K i d n e y  o f  m o u s e  a f t e r  a  s i n g l e  i n j e c t i o n  o f  
t r y p a n  b l u e  ( h i g h  p o w e r  d r a w i n g  ) .

F i g . 50 S k e l e t a l  m u s c l e  o f  m o u s e  a f t e r  r e p e a t e d  s u b c u t a n e o u s  
i n j e c t i o n s  o f  i s a m i n e  b l u e .

F i g . 51 D u r a  m a t e r  o f  r a b b i t  s t a i n e d  b y  r e p e a t e d  i n t r a v e n o u s  
i n j e o t i o n s  o f  t r y p a n  b l u e .

F i g . 52 C h o r o i d  p l e x u s  o f  sa m e  r a b b i t .

F i g . 53 D r a w i n g  o f  c h o r o i d  p l e x u s  o f  s a m e  r a b b i t  a t  
h i g h e r  m a g n i f i c a t i o n .

F i g . 5 4 L i v e r  o f  m o u s e  o n e  h o u r  a f t e r  i n j e c t i o n  o f  i r o n .

F i g . 55 L i v e r  o f  m o u s e  1 6  d a y s  a f t e r  a  s e c o n d  i n j e c t i o n  o f  i r o n .

F i g . 56 L i v e r  o f  m o u s e  2 8  d a y s  a f t e r  f i f t h  i n j e c t i o n  o f  i r o n .

F i g . 57 L i v e r  o f  m o u s e  8 m o n t h s  a f t e r  8  i n j e c t i o n s  o f  i r o n .

F i g . 5 8 Lo w p o w e r  d r a w i n g  o f  l i v e r  o f  m o u s e  6 m o n t h s  a f t e r  
8  i n j e c t i o n s  o f  i r o n .

F i g . 59 H i g h  p o w e r  d r a w i n g  o f  sa m e  l i v e r .

F i g . 60 S p l e e n  o f  m o u s e  6 d a y s  a f t e r  t h i r d  i n j e c t i o n  o f  i r o n .

F i g . 61 S p l e e n  o f  m o u s e  1 4  m o n t h s  a f t e r  a  s e r i e s  o f  i n j e c t i o n s  
o f  i r o n .

F i g . 62 H i g h  p o w e r  d r a w i n g  o f  l y m p h  g l a n d  o f  m o u s e  a f t e r  
r e p e a t e d  i n t r a v e n o u s  i n j e c t i o n s  o f  i r o n .

F i g . 63 Low p o w e r  p h o t o m i c r o g r a p h  o f  l y m p h  g l a n d  o f  m o u s e  
8  m o n t h s  a f t e r  a  s e r i e s  o f  i n j e c t i o n s  o f  i r o n .

F i g . 6 4 Mammary g l a n d  o f  m o u s e  a f t e r  a  s e r i e s  o f  i n j e c t i o n s  
o f  i r o n .

F i g . 65 D u o d e n a l  v i l l i  o f  m o u s e  30  d a y s  a f t e r  t h e  f i r s t  o f  
t h r e e  i n t r a v e n o u s  i n j e c t i o n s  o f  i r o n  a t  w e e k l y  i n t e r v a l s .

F i g . 66 K i d n e y  o f  r a t  a f t e r  a  s e r i e s  o f  i n j e c t i o n s  o f  i r o n .



I L L U S T R A T I O N S  ( o o n t . )

F i g .  67  L u n g  o f  m o u s e  7  h o u r s  a f t e r  i n j e c t i o n  o f  s a c c h a r a t e d  
o x i d e  o f  i r o n  i n t r a v e n o u s l y .

F i g . 6 8  L u n g  o f  m o u s e  7 d a y s  a f t e r  t h e  l a s t  o f  t h r e e
i n t r a v e n o u s  i n j e c t i o n s  o f  s a c c h a r a t e d  o x i d e  o f  i r o n .

F i g . 6 9  S u p r a r e n a l  g l a n d  o f  m o u s e  1 5  d a y s  a f t e r  t h e  7 t h  
i n t r a v e n o u s  i n j e o t i o n  o f  i r o n .

F i g . 7 0  L u n g  o f  r a b b i t  5  h o u r s  a f t e r  i n j e c t i o n  o f  i n d i a  i n k  
i n t r a v e n o u s l y .

F i g . 71  L u n g  o f  m o u s e  7  h o u 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  
o f  s a c c h a r a t e d  o x i d e  o f  i r o n .

F i g . 7 2  L u n g  o f  m o u s e  7 d a y s  a f t e r  l a s t  o f  t h r e e  i n t r a v e n o u s
i n j e c t i o n s  o f  i r o n .

F i g . 73  V i t a l l y  s t a i n e d  h i s t i o c y t e s  i n  t h e  i n t e r s t i t i a l
t i s s u e  o f  t h e  l u n g .

F i g . 7 4  D e s q u a m a t e d  r e t i c u l o - e n d o t h e l i a l  c e l l s
-  b l o o d  h i s t i o c y t e s  -  i m p a c t e d  i n  t h e  l u n g  c a p i l l a r i e s .

F i g . 7 5  L u n g  o f  m o u s e  s h o w i n g  a n t h r a c o s i s  b y  i n h a l a t i o n  o f
s o o t y  a t m o s p h e r e .

F i g . 7 6  L u n g  o f  g u i n e a  p i g  3 h o u r s  a f t e r  i n t r a t r a c h e a l  i n j e c t i o n
o f  i n d i a  i n k .

F i g . 7 7  L u n g  o f  g u i n e a  p i g  30  h o u r s  a f t e r  i n j e c t i o n  o f  i n k .

F i g . 7 8  L u n g  o f  g u i n e a  p i g  1% h o u r s  a f t e r  i n t r a t r a c h e a l
i n j e c t i o n  o f  i n d i a  i n k ,  s h o w i n g  a  d e s q u a m a t i n g
e p i t h e l i a l  s h e e t .

F i g . 7 9  L u n g  o f  g u i n e a  p i g  9 6  h o u r s  a f t e r  i n t r a t r a c h e a l
i n j e o t i o n  o f  i n k ,  s h o w i n g  m u l t i n u o l e a t e d  g i a n t  c e l l s .

F i g . 80 L u n g  o f  g u i n e a  p i g  1 - f  h o u r s  a f t e r  i n j e c t i o n  o f  i n k ,
s h o w i n g  m i g r a t i o n  o f  a  s e p t a l  c e l l .

F i g . 81  S u b p l e u r a l  a l v e o l i  o f  g u i n e a  p i g ' s  l u n g  s h o w i n g
v i t a l l y  s t a i n e d  a l v e o l a r  p h a g o c y t e s .

F i g . 82  G u i n e a  p i g ' s  l u n g  30  h o u r s  a f t e r  i n t r a t r a c h e a l
i n j e o t i o n  o f  i n k ,  s h o w i n g  i n t r a a l v e o l a r  m i g r a t i o n  
o f  p o l y m o r p h s  a n d  m o n o c y t e s .

F i g . 83 L u n g  o f  g u i n e a  p i g  24  h o u r s  a f t e r  i n t r a t r a c h e a l  
i n j e c t i o n  o f  t r y p a n  b l u e .

F i g . 8 4  L u n g  o f  r a b b i t  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 d i a  
i n k  a n d  i n t r a t r a c h e a l  i n j e c t i o n  o f  c a r m i n e .

F i g . 85 L u n g  o f  r a b b i t  30  h o u 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  
o f  i r o n  a n d  i n t r a t r a c h e a l  i n j e c t i o n  o f  d i a m i n e  
f a s t  s o a r l e t .



I L L U S T R A T I O N S  ( o o n t . )

F i g . 8 6  P e r i t o n e a l  e x u d a t e  o f  g u i n e a  p i g  24  h o u r s  a f t e r
i n j e o t i o n  o f  b r o t h  o u l t u r e  o f  s t a p h . a u r e u s .

F i g . 8 7  P e r i t o n e a l  e x u d a t e  o f  g u i n e a  p i g  7 2  h o u r s  a f t e r
i n j e o t i o n  o f  b r o t h  c u l t u r e  o f  s t a p h ,  a u r e u s .

F i g . 8 8  P e r i t o n e a l  e x u d a t e  2 4  h o u r s  a f t e r  i n j e o t i o n  o f
s t e r i l e  b r o t h  ; s u p r a v i t a l  s t a i n i n g  w i t h  n e u t r a l  r e d .

F i g . 8 9  P e r i t o n e a l  e x u d a t e  26  h o u r s  a f t e r  i n j e o t i o n  o f  b r o t h ,
a n d  2 4  h o u r *  a f t e r  l a s t  o f  a  s e r i e s  o f  s u b c u t a n e o u s
i n j e c t i o n s  o f  t r y p a n  b l u e .

F i g . 90  C e l l s  f r o m  t h e  p e r i t o n e a l  e x u d a t e  p r o d u c e d  b y  b r o t h
F i g . 91  i n  a  m o u s e  21  d a y s  a f t e r  t h e  l a s t  o f  4  s u b c u t a n e o u s
F i g . 92  i n j e c t i o n s  o f  v i t a l  n e w  r e d .

, a )  a i r - d r i e d  f i l m s  s t a i n e d  b y  L e i s h m a n ' s  m e t h o d .
. b )  w e t - f i x e d  f i l m s  s t a i n e d  b y  h a e m a t o x y l i n .

F i g . 93  F o r m a t i o n  o f  m a c r o p h a g e s  i n  e x u d a t e  4 8  h o u r 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 a m i n e  f a s t  s c a r l e t .

F i g . 9 4  P e r i t o n e a l  e x u d a t e  o f  r a b b i t  o n  8 t h . d a y  a f t e r
r e p e a t e d  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  d i a m i n e  
f a s t  s o a r l e t .

F i g . 95  M a c r o p h a g e s  f r o m  t h e  sa m e  e x u d a t e  a t  h i g h e r  m a g n i f i c a t i o n .

F i g . 96  A p o r t i o n  o f  f i g . 9 4  m o r e  h i g h l y  m a g n i f i e d .

F i g . 97  An e n o r m o u s  m a c r o p h a g e  a n d  a  s e r o s a l  c e l l  f r o m  sam e
e x u d a t e .

F i g . 98  O m e n t u m  o f  r a b b i t  a f t e r  r e p e a t e d  i n t r a p e r i t o n e a l
i n j e o t i o n s  o f  d i a m i n e  f a s t  s o a r l e t  o v e r  a  p e r i o d  o f  
8  d a y s .

F i g . 9 9  A p o r t i o n  o f  t h e  sa m e  o m e n t u m  a t  a  h i g h e r  m a g n i f i c a t i o n .

F i g . 1 0 0  M e s e n t e r y  o f  m o u s e  a f t e r  t h r e e  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
F i g . 1 0 1  o f  i s a m i n e  b l u e ,  t h e  l a s t  b e i n g  g i v e n  t e n  d a y s  b e f o r e
F i g . 1 0 2  d e a t h .

F i g . 1 0 3  Om ent um o f  g u i n e a  p i g  a f t e r  6  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  t r y p a n  b l u e .

F i g . 1 0 4  S e r o s a l  c e l l s  f r o m  e x u d a t e  4 8  h o u r s  a f t e r  i n j e c t i o n  o f  
d i a m i n e  f a s t  s o a r l e t .

F i g . 1 0 5  O m e n t a l  s p r e a d  o f  m o u s e  3 2  d a y s  a f t e r  t h e  l a s t  o f  4
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  d i a m i n e  f a s t  s c a r l e t .

F i g . 1 0 6  P e r i t o n e a l  e x u d a t e  p r o d u c e d  b y  b r o t h  i n  m o u s e  o f  f i g . 1 0 5 .

F i g . 1 0 7  Omen tum  o f  m o u s e  s h o w i n g  d o u b l e  s t a i n i n g .

F i g . 1 0 8  C e l l s  o f  o m e n t u m  s h o w i n g  d o u b l e  s t a i n i n g .

F i g - 1 0 9  O m en tu m  o f  c h i l d  w i t h  a s o i t e s .



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

and  s u p r a v i t a l  s t a i n i n g .

I n t r o d u c t i o n .

A g e n t s  u s e d  a s  v i t a l  s t a i n s .

I .  s o l u b l e  d y e s .

I I .  s u s p e n s o i d  p r e p a r a t i o n s .

D o s a g e  a n d  m o d e  o f  a d m i n i s t r a t i o n  o f  v i t a l  s t a i n s .

I .  s o l u b l e  d y e s  o f  t h e  a o i d  d i s - a z o  g r o u p ,  
e . g .  t r y p a n  b l u e .

I I .  s u s p e n s o i d  p r e p a r a t i o n s ,  e . g .  i n d i a  i n k .

S u p r a v i t a l  s t a i n i n g  w i t h  b a s i c  d y e s . j  J a n u s  G r e e n  B .

N e u t r a l  r e d .  

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

I .  s o l u b l e  d y e s .

I I .  s u s p e n s o i d  p r e p a r a t i o n s .



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

o f  s t a i n i n g  t h e  e l e m e n t s  o f  t h e  body i n  t h e  l i v i n g  s t a t e .  I t  

i s  t o  be n o t e d  t h a t  t h e  te r m  i m p l i e s  a  s e l e c t i v e  d e m a r c a t io n  

o f  c e r t a i n  o e l l s  or  t i s s u e s ,  w h i l e  o t h e r  e l e m e n t s  r e m a in  u n 

s t a i n e d .  T h is  end may be a t t a i n e d  by t h e  u s e  o f  a  l a r g e  number 

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

p e r t i e s ;  by s e l e c t i n g  t h e  a p p r o p r i a t e  a g e n t  and by v a r y i n g  t h e  

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

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

" i n t r a - v i t a m "  or  " v i t a l "  s t a i n i n g  a p p e a r s  t o  be j u s t i f i e d ,  

s i n c e  s i m i l a r  r e s u l t s  c a n n o t  be o b t a in e d  w i t h  dead  o e l l s  or  

t i s s u e s ,  th o u g h  c e r t a i n  o f  t h e  phenom ena o f  v i t a l  s t a i n i n g  may 

be o b s e r v e d  i n  t h e  t i s s u e s  o f  an a n im a l  t r e a t e d  im m e d ia t e ly  

a f t e r  s o m a t ic  d e a t h ,  and b e f o r e  m o le c u la r  d e a t h  o f  t h e  c e l l s  

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

t h e  phenomena c a n  be o b s e r v e d  b y  a p p l y i n g  t h e  r e a g e n t s  t o  t h e  

c e l l u l a r  e l e m e n t s  rem oved from  an a n im a l  d u r in g  l i f e  or  immed

i a t e l y  a f t e r  d e a t h ,  and t o  su c h  m e a su r es  t h e  te r m  " s u p r a - v i t a l "  

s t a i n i n g  h a s  b een  a p p l i e d .  As a  s p e o i a l  v a r i e t y  o f  v i t a l  and 

s u p r a - v i t a l  s t a i n i n g ,  we h ave  t h e  a d d i t i o n  o f  v i t a l  s t a i n i n g  

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

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

l i v i n g  a n im a l  a r e  s a i d  t o  be  o b t a i n e d .  The e s s e n t i a l  d i f f e r 

e n c e  b e tw e e n  v i t a l  and s u p r a - v i t a l  m eth od s  o f  s t a i n i n g  i s  t h a t  

t h e /



t h e  l a t t e r  r e q u i r e  a g e n t s  w h ic h ,  w h i l e  n o t  t o x i c  t o  t h e  c e l l s ,  

a r e  y e t  c a p a b le  o f  p r o d u c in g  t h e i r  maximum e f f e c t  w i t h i n  a  few  

m in u t e s ,  w h e r e a s  m ost o f  t h e  a g e n t s  u s e d  a s  v i t a l  s t a i n s  r e 

q u i r e  many h o u r s  t o  p r o d u ce  a  v i s i b l e  s t a i n i n g  o f  t h e  c e l l s .  

C e r t a i n  v i t a l  s t a i n s  c a n  a l s o  be u s e d  t o  s t a i n  s e l e c t i v e l y  

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

t h e  e l a s t i c  t i s s u e  o f  b lo o d  v e s s e l s ,  and t h i s  dye h a s  a l s o  t h e  

p r o p e r t y  o f  d i f f u s e l y  s t a i n i n g  damaged or d ead  t i s s u e ,  e v e n  i f  

s u c h  t i s s u e  d o e s  n o t  t a k e  up t h e  s t a i n  when h e a l t h y .  T h is  

p r o p e r t y  w h ich  w i l l  be d e a l t  w i t h  more f u l l y  l a t e r ,  h a s  o b v io u s  

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

t i s s u e  w h ic h  n o r m a l l y  r e m a in s  f r e e  from  t h e  s t a i n  (M c C le l la n  

and G o o d p a s tu r e ,  1 9 2 3 ) .

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

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

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

t o  t h e  l i v i n g  a n im a l .  T here  h a s  b een  much c o n t r o v e r s y  a s  t o  

t h e  n a t u r e  o f  t h e s e  g r a n u l e s ,  w h e th e r  t h e y  r e p r e s e n t  p re form ed  

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

o f  t h e  v i t a l  s t a i n ,  or  w h e th e r  t h e y  a r e  e l e m e n t s  n e w ly  form ed as  

a r e a c t i o n ' t o  t h e  s t i m u l u s  o f  t h e  s t a i n .  I t  c a n n o t  y e t  be r e 

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

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

d e p e n d en t  on t h e  p h y s i c a l  or on t h e  c h e m ic a l  n a t u r e  o f  t h e  s t a i n .  

T h e /



3 .

The e v id e n c e  c o n c e r n i n g  t h e  d i f f e r e n t  v i e w s  w i l l  he  d i s o u s s e d  

b e lo w .  We s h a l l  d e a l  f i r s t  w i t h  t h e  phenom ena o f  v i t a l  s t a i n 

i n g  i n  t h e  n o rm a l a n im a l ,  and l a t e r  t a k e  up  t h e  a p p l i c a t i o n  o f  

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

t h a t  t o o  o f t e n  l i t t l e  a t t e n t i o n  h a s  b e e n  p a id  t o  t h e  n o rm a l  

phenom ena i n  i n t e r p r e t i n g  t h e  r e s u l t s  o f  v i t a l  s t a i n i n g  i n  

p a t h o l o g i c a l  e x p e r i m e n t s ,  and t h a t  many s o u r o e s  o f  e r r o r  h ave  

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

W hile  t h e r e  a r e  num erous e a r l i e r  i n s t a n c e s  on r e c o r d  

i n  w h ich  s u b s t a n c e s  o f  v a r i o u s  k in d s  h ave  b e e n  a d m i n i s t e r e d  t o  

l i v i n g  a n im a ls  w i t h  a  v i e w  t o  d e m a r c a t in g  c e r t a i n  c e l l s  and 

t i s s u e s ,  t h e  s t u d y  o f  i n t r a - v i t a m  s t a i n i n g  may be s a i d  t o  d a t e  

from  t h e  work o f  B o u f f a r d  (1 9 0 6 )  and Goldmann ( 1 9 0 9 ) .  P r e 

v i o u s l y  e x p e r im e n t s  i n  v i t a l  s t a i n i n g  had b e e n  o a r r i e d  on  

c h i e f l y  w i t h  b a s i c  d y e s  s u c h  a s  n e u t r a l  r e d  and m e th y le n e  b l u e ,  

t h o u g h ,  i n  some e x p e r im e n t s  ( B i b b e r t ,  1 9 0 4 )  l i t h i u m  o a r m in e ,  

i n d i g o  ca rm in e  and v a r i o u s  s u s p e n s o i d s  had b e e n  u s e d .  The 

s t a i n i n g  o f  t h e  o s s e o u s  s y s t e m  b y  f e e d i n g  madder t o  g r o w in g  

a n im a ls  h a s  a l s o  b e e n  known f o r  many y e a r s ,  and h a s  l o n g  b e e n  

u s e d  t o  d e m o n s tr a te  a r e a s  o f  new o s s e o u s  d e p o s i t i o n .

Goldmann s t u d i e d  i n  d e t a i l  i n t r a - v i t a m  s t a i n i n g  

w i t h  a o i d  c o l l o i d a l  d y e s .  W orking u n d er  E h r l i c h ' s  g u id a n c e ,  

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

i n  t h e  a n im a l  body a f t e r  r e p e a t e d  i n j e o t i o n s ,  and he e l a b o r a t e d  

m ethods w h ich  s e c u r e d  e x t r e m e ly  h ig h  d e g r e e s  o f  s t a i n i n g .  In  

t h e s e /



t h e s e  e x p e r im e n t s  p y r r h o l  b l u e  w as m a in ly  u s e d ,  a s  a f t e r  

e x t e n s i v e  o b s e r v a t i o n s  t h i s  was fo u n d  t h e  m o st  s a t i s f a c t o r y  

d y e .  I n  h i s  l a t e r  work Goldmann u s e d  a l s o  i s a m in e  b lu e  -  

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

no dye was a s  good  a s  h i s  o r i g i n a l  p y r r h o l  b l u e .  I n  our own 

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

t h e  s a m p le s  o f  i s a m in e  b lu e  or  p y r r h o l  b lu e  u s e d  h a v e  g i v e n  

s u c h  i n t e n s e  and s e l e c t i v e  r e s u l t s  a s  i n  Goldmann1s  e a r l i e r  

w ork . I t  seem ed t o  Goldmann t h a t  v i t a l  s t a i n i n g  o f f e r e d  t h e  

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

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

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

i d e n t i f y  them w i t h  o t h e r  known c e l l  c o n s t i t u e n t s .  He r e o o g -  

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

c a p a b le  o f  e x h i b i t i n g  v i t a l l y  s t a i n e d  g r a n u l e s  i n  v a r y i n g  d eg ree ,  

y e t  t h e  dye a p p ea r e d  p r e d o m in a t e ly  i n  c e r t a i n  e l e m e n t s  w h ich  he  

named " p y r r h o l"  c e l l s .  Many o f  t h e s e  a r e  w a n d e r in g  m o n o n u c lea r  

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

such* p y r r h o l  c e l l s  i n  d i s e a s e  c o n d i t i o n s .  At a l l  t i m e s ,  how

e v e r ,  he  r e t a i n e d  t h e  v ie w  t h a t  c a p a c i t y  f o r  v i t a l  s t a i n i n g  was 

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

m ost r e c e n t  a u t h o r s  d i f f e r  from  Goldmann i n  t h e  i n t e r p r e t a t i o n  

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

a n c e s  i s  u n q u e s t i o n e d .  S h o r t l y  a f t e r  Goldmann1s  work t h e r e  

a p p e a r e d /



a p p e a r e d  t h a t  o f  K iy o n o  ( 1 9 1 4 ) ,  on t h e  r e s u l t s  o f  an  e x t e n s i v e  

s e r i e s  o f  e x p e r im e n t s  w i t h  l i t h i u m  ca rm in e  and c e r t a i n  o t h e r  

v i t a l  s t a i n s .

S in o e  1 9 1 4 ,  t h e r e  h a v e  b e e n  many p a p e r s  d e a l i n g  

w it h  d i f f e r e n t  a s p e c t s  o f  t h e  p r o b le m s .  We s h a l l  d e a l  h e r e  

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

b r a n c h  o f  t h e  s u b j e c t .  E v a n s  and Sch u lem an n  ( 1 9 1 4 )  c l a i m  t h a t  

t h e  e s s e n t i a l  phenom enon o f  v i t a l  s t a i n i n g ,  i . e . ,  g e n e r a l i s e d  

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

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

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

dye a s  a  v i t a l  s t a i n ,  d ep e n d s  on t h e  c o l l o i d a l  s t a t e  o f  i t s  

s o l u t i o n ,  and i s  in d e p e n d e n t  o f  i t s  c h e m ic a l  c o n s t i t u t i o n .  

A c c o r d in g  t o  t h i s  v i e w ,  when t h e  s o l u t i o n  i s  i n  a  s u i t a b l e  

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

p la sm  o f  t h e  c e l l s .  T h e se  a u t h o r s  h a v e  d e a l t  a t  g r e a t  l e n g t h  

w i t h  t h i s  a s p e c t  o f  t h e  p ro b lem  and t h e i r  work w i l l  be r e 

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

c o n s i d e r e d .

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

e s p e c i a l l y  b y  t h e  l e w i s e s  ( 1 9 1 5 ,  1924) h a s  y i e l d e d  i n f o r 

m a t io n  c o n c e r n in g  c h i e f l y  t h e  n a t u r e  o f  t h e  v a c u o l e s  and  

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

and t h e i r  r e l a t i o n  t o  o t h e r  c e l l  c o n s t i t u e n t s .  M ito c h o n d r ia  
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h a v e  a l s o  b e e n  s t u d i e d  b y  s u p r a v i t a l  s t a i n i n g  and t h i s  

m ethod i s  s t a t e d  t o  be  t h e  m o st  s a t i s f a c t o r y  f o r  d e m o n s t r a t 

i n g  t h e s e  e l e m e n t s  ( M i c h a e l i s ,  1 8 9 9 ;  B e n s l e y ,  1 9 1 1 ;  and  

Gowdry, 1 9 1 8 ) .

The k n o w led g e  o b t a i n e d  from  o b s e r v a t i o n s  on n o rm a l  

v i t a l l y  s t a i n e d  a n im a ls  r a i s e d  g r e a t  hop e  t h a t  by m eans o f  

t h e  c r i t e r i a  w h ic h  d e m a r c a te d  c e r t a i n  v e r y  c l e a r l y  d e f i n e d  

g r o u p s  o f  c e l l s ,  one c o u ld  f o l l o w  t h e  a c t i v i t y  o f  t h e s e  c e l l s  

i n  in f la m m a t o r y  and o t h e r  r e a c t i v e  p r o c e s s e s .  Thus i n  r e c e n t  

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

t h e  s t u d y  o f  p r o b le m s  o f  p a t h o l o g y  by m eth od s  o f  i n t r a - v i t a m  

s t a i n i n g .  Maximow ( 1 9 0 2 ,  1 927)  and h i s  c o - w o r k e r s  h a v e  s t u d i e d  

t h e  r e l a t i o n  o f  t h e  " w an d er in g  c o n n e c t i v e  t i s s u e  c e l l s "  o f  t h e  

b od y  t o  o t h e r  c e l l  t y p e s ;  M cJunkin  ( 1 9 1 9 ,  1 9 2 0 )  and B o o t  (1 9 2 0 )  

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

c e l l "  t o  t h e  e l e m e n t s  o f  t h e  b lo o d  and t o  t h e  w a n d e r in g  c e l l s  

o f  c o n n e c t i v e  t i s s u e ;  t h e  r e s e a r c h e s  o f  S a b in  ( 1 9 2 3 ,  1925)  

and h er  c o - w o r k e r s  h ave  d e a l t  w i t h  t h e  s p e c i f i c i t y  o f  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 lo o d ,  lymph and s e r o u s  s a c s .

I n  t h e  f i e l d  o f  e x p e r im e n t a l  e m b r y o lo g y  v i t a l  s t a i n i n g  

h a s  b e e n  u s e d  t o  d e m o n s tr a te  t h e  o r i g i n  and mode o f  g r o w th  o f  

t h e  ly m p h a t ic s  i n  a m p h ib ia n  l a r v a e  ( W i s l o c k i ,  1 9 1 7 ) .  Goldmann 

o b s e r v e d  t h a t  i n  r a t s  and m ice  v i t a l  s t a i n i n g  o f  t h e  m oth er  was 

n o t  t r a n s f e r r e d  t o  t h e  f o e t u s ,  a l t h o u g h  t h e  membranes and 
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p l a c e n t a  becam e d e e p l y  s t a i n e d .  H is  o b s e r v a t i o n s  h a v e  b e e n  

g e n e r a l l y  c o n f ir m e d  b y  W i s l o c k i  ( 1 9 2 0 ,  1 9 2 1 )  i n  g u i n e a - p i g s ,  

r a b b i t s  and o a t s ,  and b y  Sohm idzu  ( 1 9 2 2 )  i n  r a t s  and m ic e ,  

b u t i n  t h e  r o d e n t s  W i s l o c k i  fou n d  t h a t  a  v e r y  s m a l l  amount o f  

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

d u c in g  a  f a i n t  s t a i n i n g ;  no t r a c e  o f  su c h  s t a i n i n g  e v e r  a p p e a r 

ed  i n  c a t s .  W i s l o c k i  h a s  f u r t h e r  shown (1 9 2 1 )  t h a t  s o l u b l e  

d y e s  i n j e c t e d  d i r e c t l y  i n t o  t h e  a m n io t ic  s a c  a r e  a b s o r b e d  i n t o  

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

f o e t u s ,  bu t no e v i d e n c e  o f  a b s o r p t i o n  i n  t h e  m a t e r n a l  c i r c u l a t i o n  

c o u ld  be fo u n d .



AGENTS USED AS VITAL STAINS.

I .  S o l u b l e  D y e s .

T here  a r e  many d y e s  w h ic h  a r e  c a p a b le  o f  s t a i n i n g  

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

s u i t a b l e  f o r  u s e  a s  i n t r a - v i t a m  s t a i n s . Some d y e s  a r e  ab 

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

w h ic h  becom es s t a i n e d  w i t h i n  a  fe w  m in u t e s ;  b u t  e x c r e t i o n  i s  

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

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

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

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

s i s  and s l o u g h i n g .  A s u i t a b l e  dye f o r  i n t r a - v i t a m  s t a i n i n g  

m ust be  s u f f i c i e n t l y  h a r m le s s  t o  e n a b le  an amount t o  be  adm in

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

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

t h e  d y e  m ust be  s e g r e g a t e d  w i t h i n  t h e  c y t o p la s m  o f  t h e  c e l l s .  

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

f i x a t i o n  i n  t h e  t i s s u e s  b y  s u i t a b l e  r e a g e n t s  s o  t h a t  i t  w i l l  

w i t h s t a n d  p a r a f f i n  em b ed d in g , f o r  f r o z e n  s e c t i o n s '  a r e  r a r e l y  

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

G e n e r a l l y  s p e a k in g  v i t a l  s t a i n s  a r e  d i v i d e d  i n t o  

tw o m ain  g r o u p s : -
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( a )  The r a p i d l y  a b s o r b e d  d y e s  w h io h  p r o d u ce  

g e n e r a l i s e d  v i t a l  s t a i n i n g  w i t h i n  a  fe w  h o u r s  or  d a y s ,  e . g . ,  

t r y p a n  b lu e  and v i t a l  new r e d ;

(b )  D y es  a b s o r b e d  o n l y  s l o w l y ,  p r o d u c in g  i n t e n s e  

l o c a l  s t a i n i n g  b u t  r e q u i r i n g  r e p e a t e d  i n j e c t i o n s  o v e r  s e v e r a l ,  

w eek s  t o  b r i n g  a b o u t  g e n e r a l i s e d  s t a i n i n g .  I sa m in e  b lu e  

( p y r r h o l  b l u e ) ,  and d ia m in e  f a s t  s c a r l e t  a r e  e x a m p le s  o f  t h i s  

t y p e .

For t h e  c h e m ic a l  c o n s t i t u t i o n  o f  t h e  d y e s  m e n t io n e d  

i n  t h i s  p a p e r ,  r e f e r e n c e  may be made t o  t h e  C o lo u r  I n d e x  o f  

t h e  S o c i e t y  o f  D y e rs  and C o l o u r i s t s  ( 1 9 2 3 )  i n  w h ic h  n e a r l y  a l l  

t h e  d y e s  u s e d  a r e  f u l l y  d e s o r i b e d .  E ach dye i n  t h i s  I n d e x  i s  

d e s i g n a t e d  b y  a  number ( a b b r e v i a t e d  t o  C . I . N o . - )  w h ich  I  h ave  

q u o te d  a f t e r  e a c h  dye m e n t io n e d .

The f o l l o w i n g  a r e  a l l  s u lp h o n a t e d  d i s - a z o  d y e s .

Trypan b lu e  ( C . I .  N o .4 7 7 ) .

V i t a l  new r e d  i s  n o t  m e n t io n e d  i n  t h e  I n d e x ,  bu t  

i t  c o r r e s p o n d s  c l o s e l y  t o  C . I . N o . 3 5 3 ,  from  w h ic h  i t  d i f f e r s  

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

o f  NHCHg i n  p l a c e  o f  e a c h  o f  t h e  tw o p r im a r y  NHg g r o u p s .

D iam in e  f a s t  s o a r l e t  10  B F ( C . I .  N o .3 2 1 ) .

B en zo p u rp u r in  4 B ( C . I .  N o .4 4 8 ) .

I sa m in e  b lu e  6 B ( P y r r h o l  b lu e )  ( C . I .  N o .710) i s  

a  s u lp h o n a t e d  t r ip h e n y l - m e t h a n e  d y e .

W hile  t h e  r e s u l t s  o b t a in e d  w i t h  a l l  t h e s e  d y e s  a r e
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s i m i l a r ,  g r e a t  d i f f e r e n c e s  c a n  be  p r o d u c e d  b y  v a r y i n g  t h e  

c o n d i t i o n s  o f  t h e  e x p e r im e n t .  Thus p y r r h o l  b l u e ,  a s  u s e d  by  

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

o f  t h e  t i s s u e s ,  b u t  t h i s  c a n  o n l y  be  o b t a i n e d  a f t e r  a b o u t  6 -8  

i n j e c t i o n s  a t  i n t e r v a l s  o f  a  w e ek .  A s i m i l a r  p i c t u r e  may be  

o b t a i n e d  w i t h  t r y p a n  b l u e  b y  3 - 4  i n j e c t i o n s  e v e r y  s e c o n d  d a y ,  

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

w i t h  s c a r c e l y  d im in i s h e d  i n t e n s i t y ,  t h a t  o b t a i n e d  w i t h  t r y p a n  

b lu e  f a d e s  i n  t h e  c o u r s e  o f  a  f e w  w e e k s .  W ith  v i t a l  new r e d  

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

r a p i d l y  i n  i n t e n s i t y ;  y e t  a f t e r  a  s e r i e s  o f  i n j e c t i o n s  a  r e s i 

duum o f  g r a n u la r  d ye  p e r s i s t s  i n  t h e  c e l l s  f o r  many m on ths and  

in d e e d  a p p e a r s  t o  be  a  l i f e l o n g  p o s s e s s i o n .

As an  e x tr e m e  v a r i e t y  o f  t h e  c l a s s  o f  s l o w l y  a b so r b e d  

d y e s  ( s e e  ab ove  b) we may m e n t io n  t h o s e  w h ic h  p r o d u ce  s t a i n i n g  

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

i n j e c t i o n ,  b u t  w h ich  do n o t  become a b s o r b e d  t o  a  s u f f i c i e n t  d e 

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

C e r t a i n  d y e s ,  e . g . ,  b e n z o p u r p u r in  4B c a n n o t  be  

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

l a t e s  on c o n t a c t  w i t h  t h e  p la sm a  and c a u s e s  d e a t h  o f  t h e  a n im a l  

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

dye c a n  be 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 o u t  i l l  e f f e c t s .  B en zo 

p u r p u r in  4B i f  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  i n  t r u e  a q u eo u s  
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c o l l o i d a l  s o l u t i o n  c a u s e s  l o c a l  s t a i n i n g  o f  t h e  t i s s u e s  o f  

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

l a t i o n  a p p e a r s  n o t  t o  o c c u r  or t o  be so  s l i g h t  a s  t o  f a i l  t o  

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

a t  l e a s t  a f t e r  a  s i n g l e  i n j e o t i o n .

E van s  and Sch u lem an n  ( 1 9 1 4 )  s t a t e d  t h a t  many o f  t h e  

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

o w in g  t o  t h e  o c c u r r e n c e  o f  e m b o lism . Sch u lem an n  (1 9 1 7 )  f u r t h e r  

r e c o g n i s e d  t h a t  i s a m in e  b lu e  when 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  

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

f l o c c u l i  from  w h ich  t h e  dye was l i b e r a t e d  i n t o  th e  t i s s u e  

f l u i d s  o n l y  s l o w l y .  A p p a r e n t ly  he  r e g a r d e d  t h i s  s i m p l y  a s  a  

s a l t i n g  o u t  or  e l e c t r o l y t i c  p r e c i p i t a t i o n  o f  t h e  d y e .  I  h ave  

a l s o  fo u n d  t h a t  t h i s  i s  a  g e n e r a l  o c c u r r e n c e  w i t h  t h e  " n e g a t i v e ” 

d y e s .  The v o lu m in o u s  f l o c c u l i  a r e  n o t ,  h o w e v e r ,  com posed m e r e ly  

o f  p r e c i p i t a t e d  d y e ;  a p p a r e n t l y  t h e  dye b ecom es bound i n  some 

way t o  th e  p r o t e i n s  o f  t h e  t i s s u e  f l u i d s ,  f o r  t h e  f l o c c u l i  th u s  

form ed  a r e  no l o n g e r  s o l u b l e  i n  w a te r  a f t e r  s im p le  d r y in g ,  and 

t h e y  a r e  c a p a b le  o f  f i x a t i o n  by h i s t o l o g i c a l  r e a g e n t s  i n  a  way  

t h a t  i s  n o t  a p p l i c a b l e  t o  d y e  p r e c i p i t a t e s  form ed b y  s a l t i n g  

o u t ,  e . g . ,  w i t h  NaOl. I t  w ou ld  t h u s  a p p ea r  t h a t  w h i l e  o t h e r  

p h y s i c a l  and c h e m ic a l  p r o p e r t i e s  may be im p o r ta n t  f a c t o r s ,  th e  

s o l u b i l i t y  o f  a  dye  i n  t h e  b od y  f l u i d s  p l a y s  a  l a r g e  p a r t  i n  

d e t e r m in in g  i t s  e f f e c t i v e n e s s  a s  a  v i t a l  s t a i n .  Schu lem ann (1 9 1 $  

a p p e a r s  t o  h a v e  h e l d  t h i s  v ie w  o r i g i n a l l y ,  b u t  he  l a t e r  (1 9 1 7 )  
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aban doned  i t  i n  f a v o u r  o f  t h e  p u r e l y  p h y s i c a l  t h e o r y  o f  

v i t a l  s t a i n i n g .

W ith  r e g a r d  t o  t h e  f a c t o r s  w h ic h  d e te r m in e  w h e th e r  

a dye s h a l l  a c t  a s  a  v i t a l  s t a i n ,  i t  c a n n o t  be s a i d  t h a t  any  

g e n e r a l  la w  h a s  b e e n  e s t a b l i s h e d  c o r r e l a t i n g  c h e m i c a l  c o n 

s t i t u t i o n  and p h y s i o l o g i c a l  a c t i o n .  Schu lem ann  (1 9 1 7 )  e s p e c 

i a l l y  h a s  c o n s i d e r e d  t h i s  q u e s t i o n  i n  d e t a i l ;  he s t a t e s  t h a t  

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

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

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

compounds s t u d i e d ,  Schu lem ann h a s  fo u n d  a  c l o s e  p a r a l l e l i s m  

b e tw e e n  t h e  r a t e  a t  w h ich  d y e s  d i f f u s e  th r o u g h  g e l a t i n  and 

t h e i r  r a t e  o f  d i f f u s i o n  th r o u g h  t h e  a n im a l  b od y  a f t e r  s u b 

c u t a n e o u s  i n j e c t i o n .  D y es  w h ic h  f a i l e d  t o  d i f f u s e  i n  v i t r o  

rem a in e d  l o c a l i s e d  t o  t h e  s i t e  o f  i n j e c t i o n  i n  v i v o ; t h o s e  

w h ic h  d i f f u s e d  w i t h  m o d era te  r a p i d i t y  i n  v i t r o  w ere  a b so r b e d  

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

o f  p ig m e n te d  i n t r a c e l l u l a r  d e p o s i t s .  On t h e  o t h e r  hand, t h o s e  

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

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

e x c r e t e d  s o  r a p i d l y  t h a t  d e c o l o r i s a t i o n  was c o m p le te  and no 

i n t r a c e l l u l a r  p ig m e n te d  g r a n u l e s  w ere  v i s i b l e  a f t e r  t w e n ty -  

f o u r  h o u r s .

Schu lem ann and E vans h a v e  s o u g h t  t o  c o r r e l a t e  th e  

p h y s i c a l  and b i o l o g i c a l  p r o p e r t i e s  o f  o v er  26 0  d y e s .  Schulem ann  
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( 1 9 1 7 )  t e s t e d  among o t h e r s  31  d y e s  r e l a t e d  t o  t r y p a n  b l u e ,

32  d y e s  r e l a t e d  t o  b e n z o p u r p u r in ,  1 1  d y e s  r e l a t e d  t o  v i t a l  new  

r e d ,  and 4  d y e s  r e s e m b l i n g  i s a m in e  b l u e .  C e r t a i n  members o f  

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

The o n l y  o t h e r  c h a r a c t e r  common t o  t h e s e  v i t a l  s t a i n s  was a  

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

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

t h e  number o f  s u l p h o n i c  g r o u p s  i n  t h e  m o l e c u l e .  I f  t h e r e  were  

t o o  fe w  o f  t h e s e  g r o u p s  t h e  s u b s t a n c e  was r e l a t i v e l y  i n s o l u b l e ,  

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

l o c a l l y ;  on t h e  o t h e r  h an d , e x c e s s  o f  s u l p h o n i c  g r o u p s  r e n d e r e d  

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

i n g  was f u g i t i v e .

The g e n e r a l  c o n c l u s i o n  was r e a c h e d  t h a t  d y e s  w i t h  

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

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

v i t a l  s t a i n i n g ,  w h i l e  t h o s e  w i t h  som ewhat s m a l l e r  m o le c u le s  

a r e  s e m i - c o l l o i d s  or  c r y s t a l l o i d s  and form  s o l u t i o n s  t h e  p h y s i 

c a l  s t a t e  o f  w h ich  r e n d e r s  them  c a p a b le  o f  d i f f u s i o n  i n  v i t r o  

and i n  v i v o . I t  m ust be e m p h a s is e d ,  h o w e v e r ,  t h a t  t h e  number 

o f  s u l p h o n i c  g r o u p s  r e q u i r e d  t o  p ro d u ce  a  dye o f  s u i t a b l e  s o l u 

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

and f u r t h e r  t h a t  t h e  number o f  s u l p h o n ic  g r o u p s  r e q u ir e d  was  

n o t  d i r e c t l y  d e p e n d e n t  u p on  t h e  s i z e  o f  t h e  m o l e c u l e .  The 
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i n f l u e n c e  o f  o t h e r  g r o u p s ,  e . g . ,  t h e  s u b s t i t u t i o n  o f  m e th y l  

g r o u p s  f o r  H a to m s ,  and a l t e r a t i o n s  i n  t h e  p o s i t i o n  o f  t h e  

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

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

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

n o t  o n l y  on t h e  e f f e c t i v e n e s s  o f  t h e  d y e s  a s  v i t a l  s t a i n s ,  bu t  

a l s o  on t h e i r  t o x i c i t y .  G reat  d i f f e r e n c e s  i n  p h y s i c a l  and  

b i o l o g i o a l  p r o p e r t i e s  w ere  fo u n d  i n  d y e s  w h ic h  p o s s e s s  m o l e c u l e s  

o f  a p p r o x im a t e ly  e q u a l  s i z e  and w hose o h e m ic a l  c o n s t i t u t i o n  i s  

som ewhat s i m i l a r ,  e . g . ,  t r y p a n  b lu e  and b e n z o p u r p u r in  4B. 

A c c o r d i n g l y  i t  w ould  seem  t o  u s  t h a t  no v a l i d  c o m p r e h e n s iv e  

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

b e tw e e n  o h e m ic a l  c o n s t i t u t i o n  o f  d y e s  and t h e i r  a c t i o n  i n  v i v o . 

C l e a r l y ,  h o w e v e r ,  t h e  o h e m ic a l  s t r u c t u r e  o f  t h e  d ye  m o le c u le  i s  

t h e  f a c t o r  w h ich  d e t e r m in e s  w h e th e r  a  s u b s t a n o e  may be c a p a b le  

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

masked o w in g  t o  u n s u i t a b l e  p h y s i c a l  c h a r a c t e r s ,  t h e n  t h o s e  may 

be s u i t a b l y  m o d i f i e d ,  e . g . ,  by s u l p h o n a t i o n .

I I . S u s p e n s o id  P r e p a r a t i o n s .

The u s e  o f  t h e  term  " v i t a l  s t a i n i n g "  a s  a p p l i e d  t o  

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

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

d e f i n i t i o n  g i v e n  a b o v e .  A l a r g e  number o f  s u b s t a n c e s  h a v e  b een  
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u s e d  f o r  t h i s  p u r p o s e ,  h u t  two h a v e  p r o v e d  s p e c i a l l y  u s e f u l ,  

v i z . ,  c a r b o n  s u s p e n s i o n s  i n  t h e  form  o f  i n d i a  i n k ,  and  

s a c c h a r a t e d  o x i d e  o f  i r o n  ( s o l u b l e  or  c o l l o i d a l  f e r r i c  o x i d e ) .  

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

j e c t i o n .  I t  may be p o i n t e d  o u t  t h a t  s u c h  s u s p e n s o i d  p r e p a r 

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

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

w i t h  t r a n s m i t t e d  l i g h t .  By d a rk  grou n d  i l l u m i n a t i o n ,  h o w e v e r ,  

t h e  p a r t i c u l a t e  n a t u r e  o f  t h e  " s o l u t i o n s "  i s  o b v i o u s .  T h ese  

s u s p e n s o i d s  p o s s e s s  no p o w ers  o f  d i f f u s i o n  and when i n j e c t e d  

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

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

Sugar o f  i r o n  s u s p e n s o i d s  b eh a v e  d i f f e r e n t l y  from  

i n d i a  in k  or  ca rm in e  s u s p e n s i o n s  i n  t h a t  t h e  fo rm er  a r e  s t a b l e  

i n  c o n t a c t  w i t h  t h e  b lo o d  p la s m a ,  w h e r e a s  c a r b o n  and ca rm in e  

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

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

w h ich  become g r e a t l y  r e d u c e d  i n  num bers i n  t h e  p e r i p h e r a l  b lo o d  

(S im p so n , 1 9 2 2 ;  W r ig h t ,  1 9 2 7 ;  E l v i d g e ,  1 9 2 6 ) .  T h ese  a g g r e g a t e s  

o f  p a r t i c l e s  and p l a t e l e t s  a r e  rem oved from  t h e  c i r c u l a t i o n  

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

and when t h e  p r e c i p i t a t i o n  h a s  b e e n  v e r y  marked a o t u a l  e m b o li  

may fo r m . T here  i s  a l s o  a  g e n e r a l  p r e c i p i t a t i o n  o f  t h e  p a r 

t i c u l a t e  m a t te r  on t h e  o a p i l l a r y  w a l l s  i n  a l l  s i t u a t i o n s  so o n  

a f t e r  i n j e c t i o n ,  b u t  w i t h i n  a  f e w  h o u r s  t h e s e  m a s se s  a r e  rem oved  
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and t h e  i n j e c t e d  m a t e r i a l  a c c u m u la t e s  i n  t h e  c e l l s  o f  th e  

r e t i c u l o - e n d o t h e l i a l  s y s t e m .  W i s l o c k i  ( 1 9 2 4 )  h a s  shown t h a t  

t h e  r a t e  o f  i n j e c t i o n  o f  i n d i a  i n k  h a s  a  marked i n f l u e n c e  on  

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

v e n t  some d e g r e e  o f  a g g r e g a t i o n  o f  t h e  p a r t i c l e s  e v e n  when a 

d i l u t e  s o l u t i o n  was i n j e c t e d  v e r y  s l o w l y .  F o o t  ( 1 9 2 0 )  h a s  

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

medium. M ost o f  t h e  c o m m e r c ia l  p r e p a r a t i o n s  o f  i n d i a  in k  c o n 

t a i n  a  p r o t e c t i v e  c o l l o i d  and I  h ave  n o t  o b s e r v e d  a n y  marked  

d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  o f  c a r b o n  when d i f f e r e n t  brand s  

o f  i n d i a  i n k  w ere  u s e d .  S a m p les  from  d i f f e r e n t  m akers h a v e ,  

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

i s  due t o  o t h e r  s u b s t a n c e s  p r e s e n t  i n  t h e  i n k  r a t h e r  t h a n  t o  

t h e  c a r b o n  p a r t i c l e s .  M ttller  ( 1 9 2 6 - 7 )  h a s  shown t h a t  c e r t a i n  

o f  t h e  t o x i c  e f f e c t s  o f  s p e c im e n s  o f  i n d i a  in k  a r e  due t o  

s h e l l a c  u s e d  i n  t h e i r  m a n u fa c tu r e .  To a v o id  t h i s  d a n g er  lam p

b l a c k  may be u s e d ,  a s  a  s u s p e n s i o n  i n  a  gum a r a b i c  b a se  or  i n  

g e l a t i n  s o l u t i o n  (M cJu n k in , 1 9 1 9 ) ,  b u t  i t  i s  d i f f i c u l t  t o  p r e 

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

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

s u s p e n s o i d s  o f  c a r m in e ,  and I  h a v e  n e v e r  s u c c e e d e d  i n  p r o d u c in g  

carm in e  s u s p e n s i o n s  i n  s u c h  a  f i n e  s t a t e  o f  s u b d i v i s i o n  a s  i s  

t h e  c a r b o n  i n  c o m m e rc ia l  i n k s .  E ven when ca rm in e  was f r e s h l y  

p r e c i p i t a t e d  from  s o l u t i o n  i n  t h e  p r e s e n c e  o f  a  p r o t e c t i v e  
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c o l l o i d  ( g e l a t i n  or gum a r a b i c ) , a g g r e g a t i o n  i n t o  l a r g e r  

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

rem ove t h e  c o a r s e r  p a r t i c l e s  l e f t  t h e  s u s p e n s i o n s  t o o  weak f o r

my p u r p o s e .  O th er  s u b s t a n c e s  o f  a  p a r t i c u l a t e  n a t u r e  h ave

b e e n  em p lo y ed  b y  v a r i o u s  w r i t e r s ,  e . g . ,  c o l l a r g o l  (O p p e n h e im e r , 

1 9 0 8 ;  T s c h a s c h in ,  1 9 1 4 ) ,  and t h e  s o - c a l l e d  c o l l o i d a l  m e t a l s ,  

e s p e c i a l l y  s i l v e r  and i r o n  ( Y o i g t ,  1 9 1 4 ,  1 9 2 5 ) .  The l a t t e r  

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

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

a d v a n ta g e  o v e r  t h e s e  w h ic h  h a v e  b e e n  d e s o r i b e d  a b o v e .

The im m e d ia te  and r em o te  e f f e c t s  o f  i n t r a v e n o u s  i n 

j e c t i o n  o f  s a c c h a r a t e d  o x id e  o f  i r o n  h a v e  form ed  t h e  s u b j e c t  o f  

a  s p e c i a l  i n v e s t i g a t i o n  w h ic h  w i l l  be r e p o r t e d  s e p a r a t e l y .  T h is  

s u b s t a n c e  d i f f e r s  from  c a rb o n  s u s p e n s i o n s  i n  i t s  s t a b i l i t y  i n  

c o n t a c t  w i t h  t h e  b lo o d  p la sm a ,  and a l s o  i n  i t s  c a p a c i t y  f o r  

u n d e r g o in g  c e r t a i n  t r a n s f o r m a t i o n s  a s  a  r e s u l t  o f  th e  a c t i o n  o f

t h e  l i v i n g  c e l l s .  Su gar  o f  i r o n  a l s o  o f f e r s  t h e  a d v a n ta g e  t h a t

i t  i s  r e l a t i v e l y  in c o n s p i c u o u s  i n  th e  c e l l s  and t i s s u e s  u n t i l  

b r o u g h t  i n t o  p ro m in en ce  b y  t h e  p r u s s i a n  b lu e  r e a c t i o n , and t h u s  

t h e  d e t a i l s  o f  c e l l  s t r u c t u r e  a r e  n o t  so  o b s c u r e d  a s  w i t h  in k .

A d i f f i c u l t y  w h ich  h a s  b e e n  e n c o u n t e r e d  w i t h  t h i s  s u b s t a n c e  i s  

a  l a c k  o f  u n i f o r m i t y  i n  t h e  s t a t e  o f  t h e  s o l u t i o n s  form ed  by  

d i f f e r e n t  s a m p le s .  The p r e p a r a t i o n  w i t h  w hich  t h e  m ost o f  my 

e x p e r im e n t s  h a v e  b e e n  c a r r i e d  o u t  form ed an o p a l e s c e n t  brown 
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" s o l u t i o n "  w h ic h  p r o v e d  on m i c r o s c o p i o  e x a m in a t io n  t o  he  v e r y  

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

a p p r e c i a b l e  l o s s  th r o u g h  two t h i c k n e s s e s  o f  f a i r l y  f i n e  f i l t e r  

p a p e r .  O th er  s a m p le s  o f  t h e  p r e p a r a t i o n  h a v e  form ed  c l e a r  

t r a n s p a r e n t  brown s o l u t i o n s  o f  c o l l o i d a l  ( n o n - d i a l y s a b l e )  i r o n  

o x i d e ,  w h ich  c o u ld  he  made o p a l e s c e n t  by t h e  a d d i t i o n  o f  t r a c e s  

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

p r o g r e s s  t o  a  c o m p le t e  p r e c i p i t a t i o n  o f  t h e  i r o n ;  s u s p e n s i o n s  

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

t h e  p la sm a  and t h u s  p rod u oe  m a s s iv e  c a p i l l a r y  e m b o l i  i n  th e  

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

o x id e  a p p ea r  t o  p o s s e s s  s i m i l a r  p r o p e r t i e s  t o  t h o s e  o f /^ o p a le s c e n t  

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

b u t i o n  o f  t h e  i r o n  w h ich  h a v e  n o t  b e e n  f u l l y  w orked  o u t .  I t  i s  

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

t i o n s  o f  s o l u b l e  d y e s ,  and no im m ed ia te  d i f f u s i o n  from  t h e  b lo o d  

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

DOSAGE AMD MODE OE ADMINISTRATION O F  VITAL STAINS.

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

T here  a r e  c e r t a i n  g e n e r a l  p r i n c i p l e s  t o  be o b s e r v e d  

i n  t h e  a d m i n i s t r a t i o n  o f  d y e s  t o  t h e  l i v i n g  a n im a l ,  and th e  

t e c h n i q u e  m ust be a d a p te d  t o  t h e  p a r t i c u l a r  n e e d s  o f  t h e  e x p e r i 

m en t , and t o  t h e  s p e c i e s  o f  a n im a l  e m p lo y e d .  I t  i s  w e l l  known 
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t h a t  t h e  s m a l l e r  l a b o r a t o r y  a n i m a l s ,  e . g . ,  m ice  and r a t s ,  

t o l e r a t e  much l a r g e r  d o s e s  i n  p r o p o r t i o n  t o  t h e i r  b od y  w e ig h t  

t h a n  do t h e  l a r g e r  a n im a ls  s u c h  a s  r a b b i t s ,  g u i n e a  p i g s  and  

f o w l s .  S o l u t i o n s  o f  d y e s  f o r  i n t r a - v i t a m  s t a i n i n g  a r e  b e s t  

p r e p a r e d  i n  d i s t i l l e d  w a t e r ,  a s  s a l i n e  p r e c i p i t a t e s  c e r t a i n  

d y e s .  B o i l i n g  i s  g e n e r a l l y  s u f f i c i e n t  t o  e n s u r e  s t e r i l i t y  i f  

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

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

s o l u t i o n s  o f  d y e s  a s  some a r e  n o t  s t a b l e  u n d er  su c h  c o n d i t i o n s .

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

p u n c tu r e  s h o u ld  be c l o s e d  w i t h  a  s m a l l  c l i p  t o  p r e v e n t  l e a k a g e  

o f  t h e  s o l u t i o n  and t h e  s i t e  o f  i n j e c t i o n  s h o u ld  be g e n t l y  

m a ssa g ed  t o  s p r e a d  t h e  dye th r o u g h  t h e  t i s s u e s  and t h u s  f a c i l i 

t a t e  a b s o r p t i o n .  T h is  i s  e s p e c i a l l y  im p o r t a n t  when a  lo n g  

s e r i e s  o f  i n j e c t i o n s  h a s  t o  be  g i v e n ,  a s  i t  t e n d s  t o  d i m i n i s h  

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

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  a b s o r p t i o n  i s  r a t h e r  more r a p id  

th a n  a f t e r  s u b c u t a n e o u s  i n o c u l a t i o n .  I n t r a m u s c u la r  i n j e c t i o n  

h a s  o n l y  o c c a s i o n a l l y  b een  em ployed  f o r  s p e c i a l  p u r p o s e s ;  i t  

p o s s e s s e s  no a d v a n ta g e  o v e r  t h e  s u b c u t a n e o u s  r o u t e  f o r  th e  

p u r p o se  o f  p r o d u c in g  g e n e r a l  v i t a l  s t a i n i n g .  I n tr a v e n o u s  

i n j e c t i o n  o f  b lu e  d y e s  i s ,  i n  m ic e ,  l i m i t e d  t o  t h e  f i r s t  d o s e ,  

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

a lm o s t  i n v i s i b l e .  W ith r e d  d y e s  t h e  v e i n s  c a n  u s u a l l y  be 

d i s t i n g u i s h e d  and r e p e a t e d  i n j e c t i o n s  c a n  be g i v e n  i f  d e s i r e d .  
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I n t r a v e n o u s  a d m i n i s t r a t i o n  l e a d s  t o  t h e  m o st  r a p i d  and e v e n  

d i s t r i b u t i o n  o f  t h e  v i t a l  s t a i n i n g  b u t  i t  p o s s e s s e s  no o t h e r  

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

T rypan b lu e  i s  em p loyed  i n  t h e  form  o f  a  0*5  p er  

c e n t  s o l u t i o n  i n  d i s t i l l e d  w a t e r .  The s o l u t i o n  i s  b o i l e d  and  

f i l t e r e d  when c o o l .  (W ith  c e r t a i n  s a m p le s  o f  t h i s  d y e ,  s o l u 

t i o n s  i n  0 . 7 5  p e r  c e n t ,  s a l i n e  form  a  f l o c c u l e n t  p r e c i p i t a t e  

when b o i l e d  or a u t o c l a v e d . )  S u b o u t a n e o u s ly  or  i n t r a p e r i t o n e a l l y  

t h e  d o s a g e  f o r  m ice  i s  g e n e r a l l y  1 - 0  c . c .  o f  0* 5  p e r  c e n t ,  s o l 

u t i o n  p er  20  grm s. body  w e i g h t ;  t h i s  p r o d u c e s  a  g e n e r a l i s e d  

v i t a l  s t a i n i n g  i n  24  h o u r s .  I n t r a v e n o u s l y  o n l y  h a l f  t h e  above  

q u a n t i t y  m ust be g i v e n .  I f  i t  i s  d e s i r e d  t o  p r o d u ce  v e r y  i n 

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

or i n t r a p e r i t o n e a l l y  a f t e r  24  or  48 h o u r s ,  b u t  i n  s u c h  c a s e s  i t  

i s  b e t t e r  t o  u s e  a  s m a l l e r  i n i t i a l  d o s e ,  e . g . ,  0*5  or 0*75  c . c .  

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

g i v e n .  T h is  more g r a d u a l  i n t r o d u c t i o n  o f  t h e  dye seem s t o  l e a d  

t o  a  g r e a t e r  p r o p o r t i o n a t e  r e t e n t i o n ,  and so  t o  a  d e e p e r  s t a i n 

i n g  o f  t h e  o e l l s .  V ery  you n g  m ic e ,  u n d er  15  g r m s . ,  t o l e r a t e  

l e s s  i n  p r o p o r t i o n ,  and v e r y  l a r g e  m ic e ,  3 0 - 4 0  g r m s . ,  a r e  som e

t im e s  h y p e r s e n s i t i v e  t o  d o s e s  c a l c u l a t e d  on a  w e ig h t  b a s i s .

A c o r r e s p o n d in g  d o s e  o f  s t a i n  f o r  a  2 k i lo g r a m  

r a b b i t  w ould  be 5 0  c . c . ,  b u t  s u c h  d o s e s  a r e  r a r e l y  g i v e n  a s  

t h e y  do n o t  ap p ear  t o  be w e l l  t o l e r a t e d .  R a b b i t s  may be s t a i n e d  
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w i t h  t r y p a n  b l u e  b y  r e p e a t e d  a d m i n i s t r a t i o n  o f  5 c . c .  o f  

a 1* 0  p e r  c e n t ,  s o l u t i o n  o f  t h e  d y e  p e r  k i l o g r a m  b od y  w e i g h t .

I have  g e n e r a l l y  u s e d  t h e  i n t r a p e r i t o n e a l  r o u t e  or  where  t h a t  

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

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

so t h a t  r e p e a t e d  i n j e c t i o n s  c a n  be  g i v e n .  G u in ea  p i g s  have  

a l w a y s  b e e n  s t a i n e d  by i n t r a p e r i t o n e a l  i n j e c t i o n s  r e p e a t e d  

e v e r y  d a y  or e v e r y  s e c o n d  day;  1 c . c .  o f  a  1* 0  p e r  c e n t ,  s o l u t i o n  

p e r  10 0  grm s .  w e i g h t  h a s  b e e n  fo u n d  s a t i s f a c t o r y .

T rypan b l u e  i s  r e a d i l y  f i x e d  i n  t h e  t i s s u e s  b y  most  

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

a r e  m o s t  s u i t a b l e .  Z e n k e r ' s  f l u i d  -  and o t h e r  c h r o m ic  f i x a 

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

c o l o u r ,  w h i l e  B o u i n ' s  f l u i d  and o t h e r  p i c r i c  a c i d  s o l u t i o n s  

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

e d .  S e c t i o n s  can  be  p r e p a r e d  b y  t h e  p a r a f f i n  m eth od ,  a s  t h e  

dye once  f i x e d  i s  r e l a t i v e l y  r e s i s t a n t  t o  d e o o l o r i s a t i o n  by  

a l c o h o l .  Most  o f  t h e  u s u a l  s t a i n i n g  m eth o ds  c a n  be em p loyed ,  

b u t  i t  must  be n o t e d  t h a t  t h e  dye  i s  r a p i d l y  b l e a c h e d  by  

p o t a s s i u m  perm anganate  and o x a l i c  a c i d ,  and I  h a v e  o b s e r v e d  

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

p i c r o c a r m i n e  or v a n  G i e s o n 1s  s t a i n ,  t h e  v i t a l  s t a i n i n g  i s  

d e f i n i t e l y  r e d u c e d  i n  i n t e n s i t y .  Trypan b l u e  i s  a l s o  r e a d i l y  

b l e a c h e d  b y  c h l o r i n e ,  and b y  h y p o c h l o r i t e  s o l u t i o n s ;  s o m e t im e s  
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a f t e r  b l e a c h i n g  a  c o l o u r l e s s  compound seem s  t o  be  l e f t  i n  

t h e  c e l l s  and t h i s  c a n  be r e s t a i n e d  w i t h  c e r t a i n  b a s i c  d y e s  

s u c h  a s  t h i o n i n  or f u c h s i n .  The r e s u l t s ,  h o w e v e r ,  a r e  i n 

c o n s t a n t .  ( S e e  p .  1 0 8 ) .

V i t a l  new r e d  i s  l e s s  t o x i c  t h a n  t r y p a n  b l u e ,  and 

m ic e  w i l l  t o l e r a t e  a s  much a s  1 . 0  c . c .  o f  a  2 - 5  p e r  c e n t ,  

s o l u t i o n  p e r  20  g rm s .  w e i g h t  s u b o u t a n e o u s l y .  I t  i s  u n n e c e s s a r y  

t o  u s e  s u c h  l a r g e  amounts  and I  h ave  g e n e r a l l y  em p loyed  1 c . c .  

o f  a  1 - 0  p e r  c e n t ,  s o l u t i o n  f o r  a  20  grm. m o u se .  S u b c u t a n e o u s ,  

i n t r a p e r i t o n e a l  or  i n t r a v e n o u s  r o u t e s  may be u s e d ,  and t h r e e  

t o  f o u r  i n j e c t i o n s  a t  i n t e r v a l s  o f  24  or  48 h o u r s  w i l l  p r o d u ce  

a v e r y  b r i g h t  r e d  v i t a l  s t a i n i n g .  T h i s  dye i s  more d i f f i c u l t  

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

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

d u r i n g  em bed d in g .  V i t a l  new r e d  i s  i n s o l u b l e  i n  a b s o l u t e  

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

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

c o r r o s i v e  s u b l i m a t e  i s  t h e  b e s t  f i x a t i v e  i n  my e x p e r i e n c e ,  but  

Z e n k e r ' s  or  B o u i n ' s  f l u i d s  may be  u s e d .

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

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

a n i m a l s .  R a b b i t s  and g u i n e a  p i g s  c a n  be s t a i n e d  b y  r e p e a t e d  

i n j e c t i o n s  o f  a p p r o p r i a t e  amounts  o f  a  2 - 5  p e r  c e n t ,  or  5 p e r  

c e n t ,  s o l u t i o n ,  e . g . ,  5 c . c .  o f  a  5 p e r  c e n t ,  s o l u t i o n p e r  k i l o ,  

f o r  r a b b i t s ,  and 2 c . c .  o f  a  2 . 5  p e r  c e n t ,  s o l u t i o n  p e r  10 0  grm s .  
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f o r  g u i n e a  p i g s .  W ith  t h e s e  c o n c e n t r a t e d  s o l u t i o n s  i n t r a 

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

s h o u l d  be  g i v e n  s l o w l y  t o  a l l o w  g r a d u a l  a d m i x t u r e  w i t h  t h e  

c i r c u l a t i n g  b l o o d .

L i t h i u m  c a r m in e  may be  c o n v e n i e n t l y  c o n s i d e r e d  

h e r e .  Though n o t  a n  a c i d  a z o  dye  i t  i s  s i m i l a r  i n  i t s  b e 

h a v i o u r  t o  v i t a l  s t a i n s  o f  g rou p  (ti) , and i t  f o r m s  a  u s e f u l  

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

p r e p a r e d  b y  a d d in g  5 p e r  c e n t ,  b y  w e i g h t  o f  p u re  c a rm in e  t o  

a s a t u r a t e d  a q u eo u s  s o l u t i o n  o f  l i t h i u m  c a r b o n a t e .  The ca rm in e  

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

s t e r i l i s e d  b y  a u t o c l a v i n g .  The s o l u t i o n  s h o u l d  be f i l t e r e d  

when c o o l  t o  rem ove  a n y  i n s o l u b l e  i m p u r i t i e s .  The s t a i n  i s  

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

f o r  m ic e  i s  0 - 2  c . c .  o f  t h e  5 p e r  c e n t ,  s o l u t i o n  p e r  20  grms.  

body w e i g h t .  S u b o u t a n e o u s l y  or i n t r a p e r i t o n e a l l y  i t  i s  more  

t o x i c .  R a b b i t s  and g u i n e a - p i g s  may be  s t a i n e d  by a p p r o p r i a t e  

d o s e s ;  t h e  fo rm er  h a v e  g e n e r a l l y  r e c e i v e d  10  c . c .  o f  t h e  5 

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

s e v e r a l  t i m e s  a t  d a i l y  i n t e r v a l s  or l o n g e r .  G uinea  p i g s  h ave  

r e c e i v e d  0 . 5  t o  1 c . c .  p e r  1 00  grm s .  w e i g h t ,  and r e p e a t e d  i n 

j e c t i o n s  w ere  a l w a y s  g i v e n .  L i t h i u m  c a rm in e  i s  v e r y  r a p i d l y  

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

t h e  ca rm in e  i s  r e t a i n e d  w i t h i n  c e l l s  i n  t h e  form  o f  g r a n u l e s .

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

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

w h io h  a p p e a r s  t o  be t h e  b e s t  f i x a t i v e  f o r  g e n e r a l  u s e .  FOr 

f i l m s  and s p r e a d s  o f  t i s s u e  B o u i n ’ s  f l u i d  i s  e x c e l l e n t .  The 

dye  may be rem oved  f r o m  t h e  t i s s u e s  by a l t e r n a t e  t r e a t m e n t  

w i t h  a c i d  and a l k a l i ,  b u t  t h e  i n t r a c e l l u l a r  g r a n u l e s  i f  once  

w e l l  form ed  a r e  r e l a t i v e l y  r e s i s t a n t  t o  d e c o l o r i s a t i o n  and  i n  

t h i s  r e s p e c t  t h e y  d i f f e r  m a r k e d ly  fro m  c a r m in e  i t s e l f .

I s a m i n e  b l u e  -  ( P y r r h o 1 b l u e ) i s  e m p lo y e d  s u b -  

c u t a n e o u s l y  o r  i n t r a p e r i t o n e a l l y  i n  t h e  form  o f  a  1 p e r  c e n t ,  

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

f l o c c u l a t e d  b y  0 . 7 5  p e r  o e n t .  NaC l ,  and by b l o o d  p la s m a  or 

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

fro m  e m b o l i s m .  S o l u t i o n s  o f  0 . 4  p e r  c e n t ,  or  l e s s  ca n  be 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 o u t  s e r i o u s  i l l  e f f e c t s ,  b u t  I c o n 

s i d e r  e v e n  t h i s  u n d e s i r a b l e  a s  s m a l l  f l o c c u l i  may be p ro d u ce d  

w h ic h  a r e  f i l t e r e d  o u t  by t h e  l u n g  c a p i l l a r i e s ;  t h e s e  may be 

m i s t a k e n  f o r  t r u e  v i t a l  s t a i n i n g  w i t h i n  c e l l s .  When t h i s  dye  

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

o f  i n j e c t i o n  f o r  a  f e w  moments .  Each i n j e c t i o n  r e s u l t s  i n  

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

s t a i n i n g ,  a  s e r i e s  o f  i n j e c t i o n s  a t  w e e k l y  i n t e r v a l s  i s  n e c 

e s s a r y .  A f t e r  8 t o  12 d o s e s  e a c h  o f  1 c . c .  o f  a  1 p e r  c e n t ,  

s o l u t i o n  p e r  2 0  grms. w e i g h t  f o r  m i c e ,  a  v e r y  b e a u t i f u l  v i t a l  
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s t a i n i n g  i s  p r o d u c e d ,  w h ic h  p e r s i s t s  w i t h o u t  n o t e w o r t h y  

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

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

s t a i n i n g  p r o b a b l y  a c t  a s  dep& ts  fro m  w h ic h  t h e  l o s s  b y  e x 

c r e t i o n  i s  made g o o d ,  and t h e  i n t e n s i t y  o f  s t a i n i n g  i n  t h e  

t i s s u e s  i s  t h u s  m a i n t a i n e d .

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

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

t h e  a s c e n d i n g  a l c o h o l s  d u r i n g  p a r a f f i n  em bedding .  A f t e r  f o r 

m a l i n  f i x a t i o n ,  t h e  dye  i s  r a p i d l y  e x t r a c t e d  b y  weak a l c o h o l ;  

c o r r o s i v e  s u b l i m a t e  g i v e s  r a t h e r  b e t t e r  r e s u l t s ,  b u t  Z e n k e r ’ s  

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

E ven  a f t e r  Z e n k e r ’ s  f l u i d  d e h y d r a t i o n  must  be r a p i d  and t h e  

w eaker  a l c o h o l s  must be a v o i d e d  a s  much a s  p o s s i b l e .  W ith  e v e r y  

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

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

l i v i n g  c e l l s  or  i n  t h i n  s p r e a d s  or  s m e a r s .  B o u i n ' s  f l u i d  i s  

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

l a r  e x u d a t e s ,  b u t  i s  l e s s  s a t i s f a c t o r y  a s  a  f i x a t i v e  f o r  t i s s u e s  

t o  be embedded i n  p a r a f f i n .  I s a m i n e  b l u e  i s  n o t  a p p r e c i a b l y  

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

v a n  G ie s o n  or p i c r o c a r m i n e . When t h e  dye  h a s  b e e n  f i x e d  i n  

t h e  t i s s u e s  b y  Z e n k e r ’ s  f l u i d  i t  i s  much more r e s i s t a n t  to  

b l e a c h i n g  by  perm angan ate  o f  p o t a s h  and o x a l i c  a c i d  or by t h e  
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h y p o c h l o r i t e  p r e p a r a t i o n s  t h a n  i s  t r y p a n  b l u e ,  b u t  i t  c a n  be  

rem oved b y  p r o l o n g e d  t r e a t m e n t  b y  t h e s e  r e a g e n t s  o r  b y  weak  

a l c o h o l .  D ia m in e  f a s t  s c a r l e t  10  B.3P. i s  v e r y  u s e f u l  i n  

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

w i t h  t r y p a n  b l u e  or  p y r r h o l  b l u e  i n  s e c t i o n s .  I t  i s  g e n e r a l l y  

em p loyed  a s  a  1 p e r  c e n t ,  s o l u t i o n  i n  d i s t i l l e d  w a t e r  and i s  

a d m i n i s t e r e d  i n  d o s e s  o f  1 c . c .  p e r  2 0  grms. w e i g h t  by  s u b 

c u t a n e o u s  or  i n t r a p e r i t o n e a l  i n j e c t i o n ,  t h o u g h  v e r y  muoh 

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

i n t r a v e n o u s  i n j e c t i o n  ow ing  t o  i t s  t e n d e n c y  t o  f l o c c u l a t e  i n  

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

e m b o l i sm ,  a s  t h e  f l o c c u l i  a r e  o f  s m a l l  s i z e .  I  h a v e ,  h o w e v e r ,  

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

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

o f  1 p e r  c e n t ,  or  l e s s ,  and I  t h e r e f o r e  c o n s i d e r  t h a t  t h i s  mode 

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

C o r r e s p o n d i n g  d o s e s  may be  a d m i n i s t e r e d  t o  r a b b i t s  ‘ 

and g u i n e a  p i g s .  S i n c e  t h e  dye i s  v e r y  s l o w l y  a b s o r b e d  no 

t o x i c  e f f e c t s  a r e  g e n e r a l l y  o b s e r v e d  e v e n  w i t h  enormous d o s e s ,  

e . g . ,  r e p e a t e d  d o s e s  o f  2 0  c . c .  o f  5 p e r  c e n t ,  s o l u t i o n  p e r  

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

G uinea  p i g s  may r e c e i v e  c o r r e s p o n d i n g l y  2 c . c .  o f  5 p e r  c e n t ,  

s o l u t i o n  p e r  1 0 0  grm s .  w e i g h t .

T h i s  dye i s  r e a d i l y  f i x e d  i n  t h e  t i s s u e s  by B o u i n ' s

f l u i d /



f l u i d ,  c o r r o s i v e  s u b l i m a t e ,  Z e n k e r ' s  f l u i d  and f o r m a l i n ,  

b u t  t h e  f i r s t  two a r e  b e s t .  A f t e r  f o r m a l i n  f i x a t i o n  t h e  

dye g r a n u l e s  a r e  n o t  so  s h a r p l y  d e f i n e d ,  w h i l e  a f t e r  Zenker  

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

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

a l l  c o n t a c t  w i t h  a l k a l i  m ust  be a v o i d e d ,  a s  t h i s  d ye  i s  t h e n  

r a p i d l y  d i s s o l v e d  o u t  o f  t h e  c e l l s  by  weak s o l u t i o n s  o f  so d iu m  

b i c a r b o n a t e ,  ammonia, l i t h i u m  c a r b o n a t e ,  &c. I t  may a l s o  be 

rem oved  b y  p o t a s s i u m  p e r m a n g a n a te  and o x a l i c  a c i d .

I I . S u s p e n s o i d  p r e p a r a t i o n s ,  e . g . , i n d i a  i n k .

I n t r a - v i t a m  s t a i n i n g  w i t h  s u s p e n s o i d  p r e p a r a t i o n s  

su c h  a s  i n d i a  i n k  or  s a c c h a r a t e d  o x i d e  o f  i r o n  m ust  be p e r 

form ed  b y  i n t r a v e n o u s  i n j e c t i o n  ( s e e  p a g e  72 ) .  I n  m ic e  t h e  

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

c a r e  must be  t a k e n  t o  a v o i d  e x t r a v a s a t i o n  i n t o  t h e  s u b c u t a n e o u s  

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

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

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

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

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

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

f l u i d  i s  a b s o r b e d .  I n j e c t i o n  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  i s  
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u n d e s i r a b l e  s i n o e  t h e  f l u i d  may be f o r c e d  d i r e c t l y  i n t o  t h e  

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

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

r e t i c u l o - e n d o t h e l i a l  c e l l s  o f  t h e  g l a n d s  f o l l o w s ,  and t h i s  may 

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

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

I n d i a  i n k  h a s  u s u a l l y  b e e n  em p loyed  i n  t h e  form  o f  

H i g g i n s '  w a t e r  p r o o f  d r a w in g  i n k ,  b u t  o t h e r  b r a n d s  h a v e  a l s o  

b e e n  u s e d .  The i n k  i s  d i l u t e d  w i t h  d i s t i l l e d  w a t e r  ( s e e  be lo w )  

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

move a l l  c o a r s e r  p a r t i c l e s .  The m i x t u r e  i s  t h e n  b o i l e d  or 

a u t o c l a v e d  and i n j e c t e d  when c o o l ,  A c e r t a i n  amount o f  c a r b o n  

i s  rem oved by t h e  i n f i l t r a t i o n ,  b u t  t h e  f i l t r a t e  i s  q u i t e  s t r o n g  

enough  f o r  u s e .  I  h a v e  g e n e r a l l y  em p loyed  f o r  m ice  a  10 p e r  c e n t ,  

or  a  33  p e r  c e n t ,  d i l u t i o n :  50  p e r  c e n t ,  i n k ,  u s e d  b y  some

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

t h a t  i t  i s  d i f f i c u l t  t o  c o n t r o l :  0 . 2  c . c .  o f  33  p e r  c e n t ,  i n k

i s  t h e  maximum s a f e l y  t o l e r a t e d  d o s e  p e r  2 0  g rm s .  w e i g h t ,  but  

I  have  fou nd  t h a t  w h i l e  n o t  i m m e d i a t e l y  f a t a l  e v e n  t h i s  d o s e  

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

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

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

p u r p o s e s  I  have  t h e r e f o r e  u s e d  t h e  h i g h e r  d i l u t i o n ,  i . e . ,  10  p e r

c e n t ,  g i v i n g  0 . 4  c . c .  p e r  2 0  grm s .  w e i g h t .  T h i s  amount i s  q u i t e  
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2 9 .

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

r e t i c u l o - e n d o t h e l i a l  c e l l s  w h ic h  a r e  i n  o o n t a c t  w i t h  t h e  c i r 

c u l a t i n g  b l o o d .  The d i l u t i o n  i n  w h ic h  i n d i a  i n k  i s  u s e d  i s  

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

e n s u e  w i t h i n  24 h o u r s :  0 . 2  c . o .  o f  5 0  p e r  c e n t ,  i n k  i s  a l m o s t

i n v a r i a b l y  f a t a l ,  o f t e n  w i t h i n  a  f e w  m i n u t e s ,  b u t  0 . 5  c . c .  o f  

2 0  p e r  c e n t ,  i n k  i s  s u r v i v e d  by a  l a r g e  p r o p o r t i o n  o f  t h e  m i c e ,  

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

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

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

p r e c i p i t a t i o n  and t h e  more s e v e r e  t h e  b l o c k i n g  o f  t h e  p u lm on ary  

c i r c u l a t i o n  b y  c a p i l l a r y  e m b o l i .

I  h a v e  n o t  u s e d  v i t a l  s t a i n i n g  w i t h  i n d i a  i n k  i n  

g u i n e a - p i g s ,  b u t  r a b b i t s  may be  c o n v e n i e n t l y  t r e a t e d  w i t h  

a p p r o p r i a t e  d o s e s .  Owing t o  t h e  g r e a t e r  vo lum e o f  t h e  c i r c u 

l a t i n g  b l o o d  more c o n c e n t r a t e d  i n k  m i x t u r e s  may be i n j e c t e d  

p r o v i d e d  t h e  i n j e c t i o n  i s  g i v e n  s l o w l y .  I  h a v e  u s e d  2 c . c .  o f  

a 50  p e r  c e n t ,  m i x t u r e  o f  H i g g i n s '  i n k  p e r  k i l o ,  f o r  s i n g l e  

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

q u a n t i t y  s h o u l d  be  g i v e n  and t h e  m i x t u r e  s h o u l d  be d i l u t e d .

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

removed from t h e  t i s s u e s  by a n y  s u b s e q u e n t  t r e a t m e n t .  Any 

f i x a t i v e  may be u s e d ;  I  h a v e  g e n e r a l l y  em p loyed  f o r m a l i n  or  

Z e n k e r ' s  f l u i d ,  and f o r  t h e  s t u d y  o f  r a b b i t ' s  marrow Maximow's  
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Z e n k e r - f o r m o l  m i x t u r e .

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

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

a s  a  10  p e r  c e n t ,  s o l u t i o n  b y  w e i g h t  i n  d i s t i l l e d  w a t e r .  I t  

m i x e s  r e a d i l y  and r e q u i r e s  no p r o t e c t i v e  c o l l o i d  t o  p r e v e n t  

s e d i m e n t a t i o n .  The m i x t u r e  may be b o i l e d  b u t  must n o t  be  

a u t o c l a v e d ,  a s  t h e  s u g a r  r e d u c e s  t h e  f e r r i c  o x i d e  and a  b l a c k  

p r e c i p i t a t e  a p p e a r s .  P r o l o n g e d  b o i l i n g  s h o u l d  be a v o i d e d ;  

i f  a b s o l u t e  s t e r i l i t y  must  be g u a r a n t e e d  f r a c t i o n a l  s t e r i l 

i s a t i o n  may be u t i l i s e d .

For  m ic e  I have  fo u n d  t h a t  t h e  maximum d o s e  s a f e l y  

t o l e r a t e d  i s  0 . 3  c . c .  o f  a  10  p e r  c e n t ,  s o l u t i o n  p e r  2 0  grm s .  

w e i g h t .  I n d i v i d u a l  s u s c e p t i b i l i t y  v a r i e s  and some a n i m a l s  

s u r v i v e  0 . 5  c . c .  o f  10  p e r  c e n t ,  or  0 . 3  c . c .  o f  2 0  p e r  c e n t ,  

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

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

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

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

e f f e c t s .  I  have  o n l y  o c c a s i o n a l l y  u s e d  t h i s  s u b s t a n c e  i n  

r a b b i t s ,  and em ployed  a  d o s e  o f  5 c . c .  o f  a  25 p e r  c e n t ,  

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

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

t r a t i o n  o f  su gar  o f  i r o n  i s  r a t h e r  t h i c k .  T h i s  amount ga v e  

e x c e l l e n t  d e m o n s t r a t i o n  o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s t e m ,  
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but  o n  t h e  w h o le  r a b b i t s  a r e  l e s s  s u i t a b l e  t h a n  m ic e  f o r  a 

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

g r e a t  n a t u r a l  v a r i a t i o n  i n  t h e  amount o f  i r o n  i n  t h e  o r g a n s  

o f  i n d i v i d u a l  r a b b i t s .

F o r m a l i n  f i x a t i o n  g i v e s  e x c e l l e n t  r e s u l t s  and i s  

p r e f e r a b l e  t o  c o r r o s i v e  s u b l i m a t e  or  Z e n k e r ’ s  f l u i d  f o r  t h e  

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

f i x e d  i n  a l c o h o l ,  but  no n o t e w o r t h y  d i f f e r e n c e  was o b s e r v e d  

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

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

b l u e  r e a c t i o n  was d e v e l o p e d  b y  means o f  a  warm s o l u t i o n  o f  

e q u a l  p a r t s  o f  4  p e r  c e n t ,  p o t a s s i u m  f e r r o c y a n i d e  and 4  p e r  

c e n t ,  h y d r o c h l o r i c  a c i d .  I n  some o a s e s  s e c t i o n s  w ere  f i r s t ,  

t r e a t e d  w i t h  ammonium s u l p h i d e  and t h e n  w i t h  p o t a s s i u m  f e r r i -  

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

t h a n  d i d  t h e  s i m p l e  p r u s s i a n  b l u e  t e s t .  The r e a g e n t s  were  

g e n e r a l l y  h e a t e d  t o  a b o u t  5 0 ° - 5 5 °  0 . ,  b u t  i n  t h e  e x a m i n a t i o n  

o f  s p r e a d  p r e p a r a t i o n s  t h i s  was fou nd  t o  c a u s e  t h e  t i s s u e s  

t o  c u r l  and l e a v e  t h e  c o v e r g l a s s ,  so  t h a t  a  lo w e r  t e m p e r a t u r e  

was n e c e s s a r y ,  3 7 ° - 4 0 ° C .  b e i n g  g e n e r a l l y  u s e d .  The u s e  o f  

warm p r u s s i a n  b l u e  r e a g e n t s  r e s u l t s  i n  a  much s h a r p e r  p i c t u r e  

t h a n  i f  t h e  t r e a t m e n t  i s  c a r r i e d  out  a t  room t e m p e r a t u r e .

B e n z o p u r p u r in  4  B . T h i s  dye  i s  o n l y  v e r y  s l o w l y  

s o l u b l e  i n  c o l d  d i s t i l l e d  w a t e r ,  and a  f a i r l y  f i n e  s u s p e n s i o n  
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3 2 .

c a n  be p r e p a r e d  by r a p i d  t r i t u r a t i o n  i n  a  m o r t a r .  A 1 p e r  

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

j e c t i o n  and may be a d m i n i s t e r e d  t o  m ic e  i n  d o s e s  o f  0 . 5  c . c .  

p e r  2 0  grm s .  w e i g h t .  I t  i s  a d v i s a b l e  t o  a l l o w  t h e  s u s p e n s i o n  

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

r i d  o f  c o a r s e r  p a r t i c l e s  w h ic h  w ou ld  g i v e  r i s e  t o  c a p i l l a r y  

e m b o l i s m .  No i l l  e f f e c t s  have  b e e n  o b s e r v e d  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  t h i s  s u b s t a n c e  i n  t h e  s u s p e n s o i d  form ,  

and r e p e a t e d  i n j e c t i o n s  may be g i v e n ,  l a r g e r  d o s e s  may a l s o  

be a d m i n i s t e r e d  and I  h a v e  g i v e n  a s  much a s  0 . 8  c . c .  o f  a  1 

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

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

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

s u s p e n s o i d  and a l l o w i n g  i t  t o  c o o l .  The s o l u t i o n  on s t a n d 

i n g  p a s s e s  i n t o  a  g e l  s t a t e ,  w h ic h  l a t e r  r e t r a c t s  and s e p a r 

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

t h e  g e l .  ( T h i s  phenomenon i s  n o t  uncommon w i t h  d y e s ) .  The 

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

l a t e d  by s a l i n e ,  serum or  b l o o d  p la s m a ,  and when i n j e c t e d  

i n t r a v e n o u s l y  i t  p r o d u c e s  im m ed ia te  d e a t h  fro m  em b ol i sm  o f  

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

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

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

b u t  l a t e r  some o f  t h e  dye  i s  l i b e r a t e d  i n t o  t h e  p la s m a  i n  
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a s o l u b l e  form  and g r a d u a l l y  b r i n g s  a b o u t  a  s t r i k i n g  v i t a l  

s t a i n i n g  o f  t h e  g e n e r a l  t i s s u e s  o f  t h e  a n i m a l .  The dye  i s  

p r e s u m a b ly  a l t e r e d  i n  some way n o t  a t  p r e s e n t  u n d e r s t o o d ,  and  

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

t h i s  way i s  o f  g r e a t  i n t e r e s t  a s  i t  r e s e m b l e s  t h a t  o f  t h e  

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

True a q u e o u s  s o l u t i o n s  o f  b e n z o p u r p u r i n  when i n 

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

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

s o l u t i o n  comes i n t o  c o n t a c t ,  b u t  no g e n e r a l i s e d  v i t a l  s t a i n i n g  

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

( S ch u le m a n n ,  1 9 1 7 ) .  The s o l u t i o n  i s  a p p a r e n t l y  n o t  a b s o r b e d  

t o  a  s u f f i c i e n t  e x t e n t .

B e n z o p u r p u r in  may be f i x e d  f a i r l y  w e l l  i n  t h e  t i s s u e s  

b y  s a t u r a t e d  s o l u t i o n  o f  c o r r o s i v e  s u b l i m a t e ;  none  o f  t h e  o t h e r  

f i x a t i v e s  em p loyed  h a s  g i v e n  good  r e s u l t s .  D e h y d r a t i o n  must  be 

r a p i d  or t h e  dye  w i l l  be p a r t i a l l y  e x t r a c t e d  b y  t h e  w eaker  

a l c o h o l s .  I f  d e s i r e d  i t  may be rem oved  i n  t h i s  way from  

s e c t i o n s .



SUPRAVITAL STAINING WITH BASIC DYES.

As a  s p e c i a l  v a r i e t y  o f  v i t a l  s t a i n i n g  we h a v e  t h e  

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

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

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

i n  t h e  s t u d y  o f  l i v i n g  b l o o d  o e l l s  ( S a b i n ,  1923)  and t h e  c e l l s  

o f  s e r o u s  e x u d a t e s .  Evans  and S c o t t  ( 1 9 2 1 )  h a v e  u t i l i s e d  t h i s  

method t o  a s s i s t  i n  t h e  d i f f e r e n t i a t i o n  o f  t h e  c e l l s  o f  c o n n e c t 

i v e  t i s s u e ,  and t h e  L e w i s e s  ( 1 9 2 4 )  h a v e  s t u d i e d  t h e  c e l l s  o f  

t i s s u e  c u l t u r e s  b y  i t s  a i d .  The d y e s  u s e d  a s  s u p r a v i t a l  s t a i n s  

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

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

When a p p l i e d  t o  l i v i n g  c e l l s  rem oved  from  t h e  b od y  t h e s e  d y e s  

p r o d u ce  s t a i n i n g  w i t h i n  a  f e w  m i n u t e s ,  w h e r e a s  t h e  a c i d  d i s - a z o  

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

t o  p r o d u ce  t h e i r  e f f e c t .  B oth  c l a s s e s  o f  d y e s ,  h o w e v e r ,  a r e  

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

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

a n c e  p rod u ce  o n l y  t r a n s i e n t  v i t a l  s t a i n i n g ;  i t  i s  n o t  c e r t a i n  

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

a c t i o n  a s  v i t a l  s t a i n s .

Many b a s i c  d y e s  have  b e e n  u s e d  i n  t h e  s t u d y  o f  l i v i n g
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3 5 .

( I s r a e l  and
c e l l s ,  e . g . ,  n e u t r a l  r e d  ( C . I . N o . 825 )  £ P a p p e n h e im ,  189A;

B o s i n  and B i b e r g e i l ,  1904-f;  m e t h y l e n e  b l u e  ( 0 . 1 . N o . 922)

( H o r s e l e y ,  1 8 9 ?y) ; b r i l l i a n t  c r e s y l  b l u e  ( G . I . N o . 877 )  ( C e s a r i s -

D em el ,  1 9 0 7 ) ;  b i s m a r c k  brown ( C . I . N o . 3 3 1 ) ;  j a n u s  g r e e n  ( G . I .

N o . 1 3 3 ) ;  ( M i c h a e l i s ,  1 8 9 9 ) ;  b u t  n e u t r a l  r e d  and j a n u s  g r e e n

have  b e e n  fo u n d  e s p e c i a l l y  u s e f u l .  When s u i t a b l y  a p p l i e d

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

s e g r e g a t i o n , " E e n a u t ,  1907;  s e g r e g a t i o n - a p p a r a t u s , E van s  and

S c o t t ,  1921)  and j a n u s  g r e e n  t h e  m i t o c h o n d r i a .  A o o o r d in g  t o

M i c h a e l i s  ( 1 8 9 9 )  and Gowdry ( 1 9 1 8 )  o n l y  one  brand o f  j a n u s  •

g r e e n  i s  s a t i s f a c t o r y ,  j a n u s  g r e e n  B. ( H o e c h s t ) , s t a t e d  t o  be
*c h e m i c a l l y  d i e t h y l s a f r a n i n - a z o - d i m e t h y l a n i l i n e c h l o r i d e , and 

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

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

o f  1 - 2 0 , 0 0 0  t o  1 - 5 0 0 , 0 0 0  i n  s a l i n e  i s  s a i d  t o  s t a i n  s p e c i f i 

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

i s  t h e  m ost  s a t i s f a c t o r y  method o f  d e m o n s t r a t i n g  them . Un

f o r t u n a t e l y  no method i s  known w h e r eb y  t h e  s t a i n  may be f i x e d  

i n  t h e  c e l l s ,  and t h u s  permanent  p r e p a r a t i o n s  c a n n o t  be ob

t a i n e d ,  but  l e w i s  ( 1 9 2 4 )  h a s  f o u n d  t h a t  f i x a t i o n  o f  t h e  s t a i n e d  

m i t o c h o n d r i a  i n  i o d i n e  vap ou r  p r e s e r v e s  t h e i r  a p p e a r a n c e  f o r

aL_________________________________________ ___________________________________________

* I  h a v e  n o t  b e e n  a b l e  t o  t r a c e  a  d i e t h y l s a f r a n i n  or  a j a n u s  
g r e e n  o f  t h i s  c o n s t i t u t i o n  i n  any  o f  t h e  Dye T a b l e s .  P r e 
su m a b ly  t h i s  i s  a  s p e c i a l  p r o d u c t  n o t  now u s e d  c o m m e r c i a l l y .



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

1 - 1 0 , 0 0 0  t o  1 - 1 , 0 0 0  - -  t h e  s t a i n  t i n g e s  v a r i o u s  o t h e r  

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

and may p r o v e  t o x i c  t o  t h e  c e l l s .

Janu s  g r e e n  may be a p p l i e d  e i t h e r  b y  i m m e r s in g  t h e  

t i s s u e  i n  t h e  dye  s o l u t i o n ,  by  i n j e c t i n g  s a l i n e  s o l u t i o n  c o n 

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

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

l i v i n g  c e l l s  or  s m a l l  p o r t i o n s  o f  m o i s t  t i s s u e s  may be  mounted  

on a  s l i d e  on w h ic h  a  t h i n  f i l m  o f  s o l u t i o n  o f  j a n u s  g r e e n  i n  

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

m e t h o d ) . The dye d i s s o l v e s  i n  t h e  t i s s u e  j u i c e  and s t a i n s  

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

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

(S im p s o n ,  1 9 2 2 ;  S a b i n ,  1 9 2 3 ) ,  b u t  f o r  s p r e a d s  o f  s u b c u t a n e o u s  

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

u t i o n .  B r i l l i a n t  o r e s y l  b l u e  i s  u s e d  by t h e  d r y  f i l m  method  

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

D em el ,  1907;  K e y ,  1 9 2 1 ) .  The t e c h n i q u e  o f  s u p r a v i t a l  s t a i n 

i n g  w i t h  n e u t r a l  r e d  i s  s i m i l a r  t o  t h a t  w i t h  j a n u s  g r e e n ,  and 

t h e  two d y e s  may be a d v a n t a g e o u s l y  oom b ined ,  e i t h e r  i n  t h e  

d r y  f i l m  method ( S a b i n ,  1923)  o r  i n  s a l i n e  s o l u t i o n .

The method o f  p r e p a r i n g  t h e  d r y  dye  f i l m s  i s  a s  

f o l l o w s : -  S a t u r a t e d  s o l u t i o n s  o f  n e u t r a l  r e d  ( p r e f e r a b l y  

t h a t /



3 7 .

t h a t  o f  Grttb ler  f o r  v i t a l  i n j e o t i o n )  and o f  j a n u s  g r e e n  B. 

( H o e c h s t )  a r e  p r e p a r e d  i n  a b s o l u t e  a l c o h o l ;  t h e s e  form  t h e  

s t o c k  s o l u t i o n s  w h ic h  w i l l  k e e p  i n d e f i n i t e l y .  To 10  c . c .  

a b s o l u t e  a l c o h o l  add 2 0 - 3 0  d r o p s  o f  t h e  s t o c k  s o l u t i o n  o f  

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

s o l u t i o n  u s e d  t o  p r e p a r e  t h e  s l i d e s  when e i t h e r  dye i s  u s e d  

s e p a r a t e l y .  For  t h e  com bined  m eth od ,  2 - 3  d r o p s  o f  t h e  s t o c k  

s o l u t i o n  o f  j a n u s  g r e e n  a r e  ad d ed  t o  1 c . c .  o f  t h e  d i l u t e  

a l c o h o l i c  n e u t r a l  r e d  s o l u t i o n ;  t h i s  m i x t u r e  must be  p r e p a r e d  

f r e s h l y  b e f o r e  u s e  a s  a  p r e c i p i t a t e  fo r m s  on s t a n d i n g .  The 

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

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

r i g h t  p o s i t i o n .  S l i d e s  must  be a b s o l u t e l y  c l e a n  i n  o r d e r  t o  

o b t a i n  a  f i l m  o f  d r y  dye  o f  e v e n  t h i c k n e s s .  Dye c o a t e d  s l i d e s  

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

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

one t i m e .  When s u p r a v i t a l  s t u d i e s  a r e  b e i n g  made on le u k a e m ic  

b l o o d s ,  i t  may be  n e c e s s a r y  t o  i n c r e a s e  t h e  amount o f  dye  on  

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

I n  g e n e r a l  i t  may be s t a t e d  t h a t  n e u t r a l  r e d  i n

a p p r o p r i a t e  c o n c e n t r a t i o n s  b r i n g s  i n t o  p r o m in en ce  i n t r a c e l l u l a r

g r a n u l e s  c l o s e l y  s i m i l a r  i n  m o r p h o lo g y  t o  t h o s e  w h ic h  app ear

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

b l u e .  N e v e r t h e l e s s  t h e  a o t i o n  o f  t h e  form er  i s  much l e s s

s e l e c t i v e  t h a n  t h a t  o f  t h e  l a t t e r  g r o u p .  When n e u t r a l  r e d  i s  
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a p p l i e d  i n  v i v o  or  s u p r a v i t a l l y ,  r e d - a t a i n i n g  g r a n u l e s  ap p ea r  

i n  many d i f f e r e n t  t y p e s  o f  c e l l s  w h ic h  n e v e r  e x h i b i t  v i t a l  

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

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

a n y  t h e o r y  a s  t o  t h e  n a t u r e  o f  t h e  s t r u c t u r e s  d e m o n s t r a t e d  by  

t h i s  method o f  s t a i n i n g .  Thus ,  w h i l e  t h e  b e h a v i o u r  o f  c e l l s  

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

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

e n t i a t i o n  o f  c e l l  t y p e s  and t h e r e  ' i s  no s h a r p  l i n e  d e m a r c a t i n g  

c e l l s  w h ic h  e x h i b i t  n e u t r a l  r e d  " g r a n u l e s "  fro m  t h o s e  w h ic h  do 

n o t .

I t  must be e m p h a s iz e d  t h a t  n e u t r a l  r e d  d e m o n s t r a t e s  

" g r a n u l e s "  i n  many c e l l s  w h ic h  do n o t  s t a i n  v i t a l l y  w i t h  t h e  

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

e p i t h e l i a l  c e l l s  s u c h  a s  t h o s e  c o v e r i n g  t h e  c o r n e a  (M atsum oto ,  

1918)  and t h e  e p i d e r m a l  c e l l s  i n  a m p h ib ia n  l a r v a e  ( C l a r k  and  

C l a r k ,  1 9 1 9 ) .  I n  s u o h  o e l l s ,  h o w e v e r ,  t h e  n e u t r a l  r e d  " g r a n u l e s "  

a r e  a l w a y s  s m a l l  and u n i f o r m  i n  s i z e  and b e a r  l i t t l e  or  no r e 

s e m b la n c e ,  o t h e r  t h a n  i n  c o l o u r ,  t o  t h e  s t r u c t u r e s  w h ic h  app ear  

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

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

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

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

immature r e d  b l o o d  c o r p u s c l e s  may be d e m o n s t r a t e d  by n e u t r a l  r e d ,  

b u t /



b u t  t h i s  s t r u c t u r e  i s  i n  no way c o m p a r a b le  t o  t h e  s e g r e g a t i o n  

a p p a r a t u s .

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

v i t a l  s t a i n s  on i n d i v i d u a l  o e l l s ,  t h e  f o l l o w i n g  method h a s  

b e e n  f o u n d  m ost  s u i t a b l e .  A s m a l l  amount,  e . g . ,  0 . 5  c . c .  o f  

norm al  s a l i n e  c o n t a i n i n g  t h e  dye i n  v e r y  weak c o n c e n t r a t i o n  

( p r e p a r e d  fro m  a  f r e s h  1 p e r  o e n t .  s o l u t i o n  o f  t h e  dye  i n  

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

o f  t h e  back  or i n g u i n a l  r e g i o n .  Janu s  g r e e n  s h o u l d  be  u s e d  

i n  a  d i l u t i o n  o f  1 - 5 0 , 0 0 0  or  more i n  t h i s  m eth od ,  a s  I  have  

fo u n d  t h a t  e v e n  1 - 2 0 , 0 0 0  c a u s e s  s t a i n i n g  o f  t h e  s e g r e g a t i o n  

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

em ployed  i n  v e r y  h i g h  d i l u t i o n ,  1 - 5 0 , 0 0 0  t o  1 - 2 5 0 , 0 0 0 .  The 

two d y e s  may be a d v a n t a g e o u s l y  com bined  i n  s o l u t i o n ,  b u t  t h e  

m i x t u r e  must a l w a y s  be p r e p a r e d  f r e s h l y  b e f o r e  u s e ,  a s  i t  

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

p r e c i p i t a t e .  A f t e r  t h e  i n j e c t i o n  o f  t h e  dye  s o l u t i o n ,  t h e  

a n im a l  i s  a l l o w e d  t o  l i v e  f o r  5 - 1 0  m i n u t e s ,  and i s  t h e n  

r a p i d l y  k i l l e d  b y  a  b lo w  on t h e  h e a d  or b y  c o a l  g a s ;  c h l o r o 

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

The s i t e  o f  i n j e c t i o n  i s  m a r k e d ly  oed em a to u s  from  t h e  i n j e c t e d  

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

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

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

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

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

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

no d a n g er  o f  damage t o  t h e  c e l l s  fro m  d e s i o o a t i o n  d u r i n g  

m a n i p u l a t i o n .  By t h i s  p r o o e d u r e  more e v e n  s t a i n i n g  o f  t h e  

c e l l s  i s  p r o d u c e d  t h a n  i n  t h e  method o f  E vans  and S c o t t  ( 1 9 2 1 )  

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

on d r y  s l i d e s  and mounted i n  s a l i n e  w i t h  or w i t h o u t  t h e  a d d i t i o n  

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

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

a l o n e  may be i n j e c t e d  i n t o  t h e  s u b c u t a n e o u s  t i s s u e ,  and 

p a r a l l e l  p i e c e s  may t h e n  be mounted on c l e a n  s l i d e s  and on  

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

d e s c r i b e d .  The dye  d i s s o l v e s  r a p i d l y  i n  t h e  abu ndan t  f l u i d  

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

so  u n i f o r m  a s  when t h e  d y e s  a r e  i n j e c t e d  i n t o  t h e  t i s s u e s .

With a  l i t t l e  p r a c t i c e  one c a n  p i c k  o u t  t h e  o e l l s  i n  

t h e  s a l i n e  p r e p a r a t i o n  q u i t e  r e a d i l y  u n d er  a n  o i l  im m er s io n  

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

more e a s i l y  d i s t i n g u i s h e d .  The c e l l s  o f  t h e  s u b c u t a n e o u s  

t i s s u e  o f  a  h e a l t h y  mouse f a l l  m a i n l y  i n t o  t h r e e  g r o u p s :

( 1 )  h i s t i o c y t e s ,  ( 2 )  f i b r o c y t e s ,  and ( 3 )  mast  c e l l s .  The 

l a s t  m e n t io n e d  c e l l s  a r e  v e r y  p r o m in en t  i n  t h e  mouse; t h e y  
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a r e  l a r g e ,  a b o u t  15 t o  2 0  j u  i n  d i a m e t e r ,  w i t h  a  s m a l l  

roun d  c e n t r a l l y  p l a c e d  n u c l e u s  and an enormous number o f  

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

w h ic h  a r e  c l e a r l y  v i s i b l e  when t h e  t i s s u e  i s  mounted i n  

i s o t o n i c  s a l i n e .  M ast  c e l l s  a r e  r e l a t i v e l y  f r a g i l e  and  

t h e y  f r e q u e n t l y  r u p t u r e  d u r i n g  t h e  p r e p a r a t i o n  o f  t h e  

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

They t e n d  t o  o c c u r  i n  c l u s t e r s  o f  f o u r  or  more c e l l s .  I n  

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

u n i f o r m l y  o f  an o r a n g e  y e l l o w  c o l o u r  e x c e p t  i n  v e r y  h i g h  

d i l u t i o n s ,  i . e . ,  1 - 5 0 , 0 0 0  or m ore .  I t  must  be e m p h a s i s e d  

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

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

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

i n g l y  we n e e d  n o t  c o n c e r n  o u r s e l v e s  f u r t h e r  w i t h  them.

I n  n orm al  a n i m a l s  i t  i s  r e l a t i v e l y  e a s y  t o  d i s 

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

p r e p a r a t i o n s  o f  s u b c u t a n e o u s  t i s s u e  r e n d e r e d  oed em a to u s  by  

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

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

sh a p e  and t h e i r  l o n g  v e r y  f i n e  b r a n c h i n g  t a p e r i n g  p r o c e s s e s ;  

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

t r a n s p a r e n c y ,  and i t  c o n t a i n s  numerous r o d - l i k e  and f i n e  

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

p la s m ,  and e x t e n d  e v e n  i n t o  t h e  t i p s  o f  t h e  f i n e  p r o c e s s e s

( f i g - /
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( F i g s . 1 , ts) . N e u t r a l  r e d  g r a n u l e s  a r e  s m a l l  and a r e  g e n e r a l l y  

r a t h e r  s c a n t y  ( f i g .  l t > ) ; t h e y  a r e  o f t e n  g r o u p e d  t o g e t h e r  t o 

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

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

i n  s i z e ,  and i n  t h e  norm al  r e s t i n g  s t a t e  p r a c t i c a l l y  a l l  s u c h  

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

a b o v e .  They p o s s e s s  a  r e l a t i v e l y  l a r g e  n u c l e u s  i n  w h ic h  two  

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

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

t h a n  t h a t  o f  t h e  h i s t i o c y t e s . O c c a s i o n a l l y  one f i n d s  a  c e l l  

o t h e r w i s e  r e s e m b l i n g  a  f i b r o c y t e  i n  w h ich  t h e r e  a r e  o ne  or  

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

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

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

a p p a r a t u s  o f  t h e  f i b r o c y t e s  a pp ea r  t o  become l a r g e r  and more 

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

be made b e t w e e n  f i b r o c y t e s  and h i s t i o c y t e s  may no l o n g e r  be 

s o  c l e a r l y  d e f i n e d ,  and d i f f i c u l t y  may be e x p e r i e n c e d  i n  

d e c i d i n g  t o  w h ic h  g ro u p  a  g i v e n  c e l l  b e l o n g s .

The h i s t i o c y t e s  a r e  o f  more com pact  s t r u c t u r e  t h a n  

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

number. Some e x h i b i t  l o n g  s l e n d e r  p r o c e s s e s ,  but  a t  t h e  

e n d s  o f  t h e s e  t h e r e  a r e  s m a l l  ro u n d ed  or c l u b  s h a p e d  m a s s e s  

o f  p r o t o p l a s m  ( f ig .1 < u .  ) .  The c y t o p l a s m  o f  t h e  h i s t i o c y t e s  
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i s  opaque l i k e  h e a v i l y  g ro u n d  g l a s s  ( f i g . l - a -  ) ,  t h u s  

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

numerous s m a l l  and l a r g e  " v a c u o l e s "  w h ic h  r a p i d l y  become  

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

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

i n  number and i n  t h e  i n t e n s i t y  w i t h  v/hich t h e y  s t a i n ;  f r e 

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

g r a n u l e s  a d h e r i n g  t o  t h e  w a l l s  o f  t h e  " v a c u o l e s . "  ( f i g .  1 a ) .

I n  t h e  n orm al  r e s t i n g  s t a t e  o f  t h e  h i s t i o c y t e s  t h e s e  s t r u c t u r e s  

a r e  s m a l l e r  and more u n i f o r m  i n  s i z e  t h a n  t h o s e  w h ic h  app ear  

a f t e r  a d m i n i s t r a t i o n  o f  t r u e  v i t a l  s t a i n s ;  and i f  n e u t r a l  

r e d  i s  u s e d  i n  t h e  h i g h  d i l u t i o n  s p e c i f i e d ,  e . g . ,  1 - 1 0 0 , 0 0 0 ,  

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

c e l l .  T h ese  s t r u c t u r e s ,  d e s i g n a t e d  b y  Evans  ( 1 9 2 1 )  and h i s  

c o - w o r k e r s  t h e  " s e g r e g a t i o n  a p p a r a t u s , "  h a v e  b e e n  t h o u g h t  t o  

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

t h e  p r o t o p l a s m  ( S h i p l e y ,  1 9 1 9 ) .  An i n c r e a s e d  number o f  

g r a n u l e s  and v a c u o l e s  app ear  w i t h i n  t h e  c e l l s  when s t r o n g e r  

c o n c e n t r a t i o n s  o f  n e u t r a l  r e d  a r e  a p p l i e d ,  e . g . ,  1 - 1 0 , 0 0 0  or 

more; t h e  v a c u o l e s  a r e  a l s o  l a r g e r  and o f  d e e p e r  t i n t .  Evans  

( 1 9 2 1 )  b e l i e v e s  t h a t  t h e  s t r u c t u r e s  b r o u g h t  t o  l i g h t  b y  v i t a l  

s t a i n i n g  w i t h  t h e  a c i d  d i s - a z o  d y e s  and o t h e r  a g e n t s  a r e  

m e r e l y  a  h y p e r t r o p h i e d  fo r m  o f  s e g r e g a t i o n  a p p a r a t u s  v/hich  

h a s  i n c r e a s e d  i n  r e s p o n s e  to  t h e  p r e s e n c e  o f  t h e  l a r g e  amounts  
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o f  v i t a l  dye  i n  t h e  e n v ir o n m e n t  o f  t h e  c e l l s .

I n  u n s t a i n e d  h i s t i o c y t e s  t h e r e  c a n  he s e e n  i n  t h e  

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

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

g r a n u l e s ;  a f t e r  s t a i n i n g  w i t h  j a n u s  g r e e n  t h e s e  become  

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

c h o n d r i a .  They a r e  d i s t i n c t l y  plumper  and more g r a n u l a r  t h a n  

t h o s e  o f  t h e  f i b r o c y t e s ,  and o f t e n  r e s e m b l e  d i p l o c o c c i  ( f i g . 1 a  

I  h a v e  n o t  o b s e r v e d  f r a n k l y  r o d - s h a p e d  m i t o c h o n d i r a  i n  t y p i c a l  

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

more numerous  i n  t h e  p e r i n u c l e a r  zone  o f  t h e  c y t o p l a s m ,  and  

a r e  o n l y  o c c a s i o n a l l y  p r e s e n t  i n  t h e  o u t e r  zo ne  o r  i n  t h e  b l u n t  

p r o c e s s e s .  Prom t h e i r  sh ap e  a l o n e  i t  i s  i m p o s s i b l e  t o  d i s 

t i n g u i s h  them from  t h e  s m a l l e s t  g r a n u l e s  o f  t h e  " s e g r e g a t i o n  

a p p a r a t u s . "  I f  t h e  j a n u s  g r e e n  be u s e d  i n  a  h i g h e r  c o n c e n 

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

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

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

h i s t i o c y t e s ,  a l t h o u g h  t h o s e  o f  t h e  f i b r o c y t e s  may s t i l l  be 

d i s t i n g u i s h a b l e .  When t h e  " s e g r e g a t i o n  a p p a r a t u s "  i s  s t a i n e d  

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

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

( f i g .  I-a ) ,  and i t  seem s  j u s t i f i a b l e  t o  c o n c l u d e  t h a t  t h e s e  

s t r u c t u r e s  a r e  s e p a r a t e  e n t i t i e s .  I t  i s  n o t  c l e a r ,  h ow ever ,  

t h a t  a l l  t h e  m in u te  g r a n u l e s  w h ic h  s t a i n  e v e n  w i t h  t h e  h i g h e s t  
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d i l u t i o n s  o f  j a n u s  g r e e n  a r e  a c t u a l l y  m i t o c h o n d r i a ,  and one  

must he c r i t i c a l  i n  i n t e r p r e t i n g  t h e  r e s u l t s  o f  s u p r a v i t a l  

s t a i n i n g  i n  t h i s  r e s p e c t .

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

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

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

w r i t e r s  (Cunningham, S a b i n  and Doan, 1925)  s t a t e  t h a t  t h e y  have  

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

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

i s  s m a l l e r  and so  one c a n  more e a s i l y  d i s t i n g u i s h  t h e  m i t o 

c h o n d r i a ,  w h ic h  a r e  a l w a y s  o f  t h e  g r a n u l a r  t y p e  ( f i g . 1 , c .  ) .  

P r o b a b l y  ow ing  t o  u n s u i t a b l e  o p t i c a l  c o n d i t i o n s ,  I  h a v e  n e v e r  

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

t h e  p e r i p h e r y  o f  t h e  h i s t i o c y t e s  w h ic h  C a r r e l  and E b e l i n g  ( 1 9 2 6 )  

d e s c r i b e  a s  t h e  " u n d u l a t i n g  membrane."

I n  a d d i t i o n  t o  t h e  t y p i c a l  h i s t i o c y t e s ,  one  f i n d s  

i n  norm al  s u b c u t a n e o u s  t i s s u e  many c e l l s  o f  s m a l l e r  s i z e ,  

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

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

n u c l e u s  i s  g e n e r a l l y  o f  a b o u t  t h e  same s i z e ,  b u t  may be 

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

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

t h o s e  p r e s e n t  a r e  g e n e r a l l y  o f  s m a l l e r  s i z e .  They p o s s e s s
-

f a i r l y  numerous plump g r a n u l a r  m i t o c h o n d r i a ,  and a l l  i n t e r 

m e d i a t e  s t a g e s  a r e  met w i t h  b e t w e e n  s m a l l  o e l l s  r e s e m b l i n g  

l y m p h o c y t e s /



l y m p h o c y t e s  and t h e  f u l l y  form ed h i s t i o c y t e s  ( f i g s .  1 ,  2 ) .  

T h ese  a r e  p r o b a b l y  t h e  c e l l s  w h ic h  Maximow ( 1 9 0 2 )  d e s i g n a t e d  

p o l y b l a s t s ; he  r e g a r d e d  them a s  d e r i v e d  from  l y m p h o c y t e s  a t  

l e a s t  i n  p a r t ,  and f o r  t h i s  v i e w  we t h i n k  t h e r e  i s  much t o  

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

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

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

o f  s m a l l  . l y m p h o c y t e - l i k e  c e l l s  th r o u g h  a l l  s t a g e s  up t o  t h e  

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

i n  t h e s e  c e l l s  i s  n o t  q u i t e  i d e n t i c a l  w i t h  t h a t  o f  b l o o d  

l y m p h o c y t e s .  We a r e  i n c l i n e d  t o  r e g a r d  them a s  young u n d i f f e r 

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

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

m e s e n t e r i c  v e s s e l s ,  -  t h e  a d v e n t i t i a l  c e l l s  o f  Marchand. I t  

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

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

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

t i s s u e ,  m i t o t i c  f i g u r e s  have  b e e n  e n c o u n t e r e d  o n l y  among t h e  

s m a l l e r  c e l l s  around v e s s e l s  and n e r v e s .  M i t o s i s  o f  m ature  

h i s t i o c y t e s  h a s  n o t  b e e n  o b s e r v e d  i n  t h e  norm al  l o o s e  a r e o l a r  

t i s s u e .  M a l l o r y  ( 1 8 9 8 )  r e g a r d s  s u c h  s m a l l  m o n o n u c lea r  c e l l s  

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

w h i l e  F o o t  ( 1 9 2 7 )  and Masugi ( 1 9 2 7 )  s u g g e s t  t h a t  t h e y  a r e  

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

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

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

d u c t e d  by i n t r a - v i t a m  s t a i n i n g  w i t h  t h e  a c i d  d i s - a z o  d y e s .

W h i l e  we have  d e s c r i b e d  t y p i c a l  e x a m p le s  o f  e a c h  

v a r i e t y  o f  c e l l ,  i t  must be  p o i n t e d  o u t  t h a t  f r e q u e n t l y  i t  

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

g ro u p  a  p a r t i c u l a r  c e l l  b e l o n g s  e v e n  i n  t h e  n o rm a l  r e s t i n g  

s t a t e .  When t h e  c e l l s  have  b e e n  s t i m u l a t e d  by t h e  i n j e c t i o n  

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

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

met w i t h .

I n  h e a l t h y  l i v i n g  c e l l s  t h e  n u c l e u s  n e v e r  becomes  

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

t h e  s t a i n  be t o o  c o n c e n t r a t e d  and be t o x i c  t o  t h e  c e l l s ,  or  

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

d e a t h  o c c u r s ,  one c a n  o b s e r v e  t h e  s t a i n i n g  p r o c e s s  t a k i n g  

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

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

oommon i n  s u b c u t a n e o u s  t i s s u e  h i s t i o c y t e s  a s  i n  t h o s e  from  

o t h e r  s i t u a t i o n s ,  e . g . ,  s p l e e n .  The n u c l e u s  becomes g r a n u l a r
r
, and t h e n  t i n g e d  w i t h  t h e  d y e ,  t h e  n u c l e o l i  f i r s t  s h o w in g  

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

d i s p l a y e d .  I f  p r e p a r a t i o n s  o f  s u b c u t a n e o u s  t i s s u e  be made 

b y  t h e  method E van s  and S c o t t  ( 1 9 2 1 )  and s t a i n e d  s u p r a v i t a l l y

w



b y  m o u n t in g  i n  n e u t r a l  r e d  s a l i n e ,  i t  o a n  be  s e e n  t h a t  w h i l e  

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

around  t h e  m a r g in ,  w h e r e  t h e  t i s s u e  h a s  d r i e d  d u r i n g  manipu

l a t i o n ,  f a i l  t o  show s t a i n i n g  o f  t h e  s e g r e g a t i o n  a p p a r a t u s ,  

b u t  on t h e  o t h e r  hand e x h i b i t  n u c l e a r  s t a i n i n g  i n  v a r y i n g  d e 

g r e e s .  I n  t h e  i n t e r m e d i a t e  zo n e  b e t w e e n  k i l l e d  and h e a l t h y  

l i v i n g  c e l l s ,  one f i n d s  n u c l e a r  s t a i n i n g  and g r a n u l e  s t a i n i n g  

i n  i n v e r s e  p r o p o r t i o n  due t o  t h e  d i f f e r e n t  d e g r e e  o f  i n j u r y  

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

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

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

t h e  v i t a l i t y  o f  t h e  c e l l ;  dead  or  s e v e r e l y  i n j u r e d  c e l l s  f a i l  

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

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

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

t h e  g r a n u l e s .

I t  may be added t h a t ,  i f  j a n u s  g r e e n  i s  i n j e c t e d  

i n t o  t h e  s u b c u t a n e o u s  t i s s u e s  i n  a  h i g h  c o n c e n t r a t i o n ,  e . g . ,  

1 - 5 , 0 0 0 ,  i t  p r o d u c e s  r a p i d  s t a i n i n g  o f  t h e  c e l l  n u c l e i  and 

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

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

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

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

c e l l s  i n  t h e  o p t i c a l  c o n d i t i o n s  w h ic h  o b t a i n  i n  s u c h  p r e p a r a t io n s  
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T h ese  p r o c e s s e s  a r e  much more d e l i c a t e  and b r a n c h e d  t h a n  

i s  commonly s u p p o s e d ,  and rem in d  one o f  n e u r o g l i a l  c e l l s  

d e m o n s t r a t e d  by s i l v e r  i m p r e g n a t i o n  ( f i g .  £ b ) .  T h i s  method  

i s  one  w h i c h  m ig h t  w e l l  be u t i l i s e d  t o  d e m o n s t r a t e  t h e  mor

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

DISTRIBUTION OF VITAL STAINING IN THE BODY.

I .  D i s t r i b u t i o n  o f  S o l u b l e  D y e s .

I f  an a n im a l  be  s u b j e c t e d  t o  i n t r a - v i t a m  s t a i n i n g  

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

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

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

e n t  o r g a n s .  T h i s  b l u e  c o l o u r a t i o n  i s  due t o  two f a c t o r s ,

( a )  a  d i f f u s e  s t a i n i n g  o f  c e r t a i n  s t r u c t u r e s ,  e . g . ,  t h e  e p i 

d e r m i s ,  bone ( e s p e c i a l l y  t h e  g r o w in g  e n d s ) ,  e l a s t i c  and  

c o n n e c t i v e  t i s s u e s ;  and ( b) t h e  a c c u m u l a t i o n  o f  dye  w i t h i n  

c e r t a i n  c e l l s  i n  t h e  fo rm  o f  g r a n u l e s  and " v a c u o l e s . "  I t  i s  

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

o f  t h e  o r g a n s  d e p e n d s ;  t h o s e  w h ic h  c o n t a i n  a  l a r g e  number o f  

v i t a l l y  s t a i n e d  c e l l s  app ear  t o  t h e  naked  e y e  d e e p l y ^ o o l o u r e d ,  

e . g . ,  l i v e r ,  and t h o s e  w h ic h  c o n t a i n  f e w  or no v i t a l l y  s t a i n e d  

c e l l s ,  e . g . ,  b r a i n ,  ap p ea r  u n c o l o u r e d .  I t  must  be n o t e d  t h a t

a  v a r y i n g  number o f  t h e s e  c e l l s  a r e  p r e s e n t  i n  t h e  c o n n e c t i v e  
t i s s u e  /
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t i s s u e  s tr o m a  o f  a l l  o r g a n s  e x c e p t  t h e  b r a i n .  For t h i s  r e a s o n ,  

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

t h e  s p e c i f i c  parenchym a c e l l s  o f  w h ich  do n o t  s t a i n  v i t a l l y ,  

ap p ear  on naked  e y e  e x a m in a t io n  c o l o u r e d  i n  v a r y i n g  d e g r e e .

I n  g e n e r a l  i t  may be s t a t e d  t h a t  g r a n u la r  s t a i n i n g  i s  fo u n d  

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

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

l a t e r  ( S ee  p .  81 ) .

D i f f u s e  S t a i n i n g .

T h is  o c o u r s  v e r y  so o n  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  t r y p a n  b l u e ,  and i n  a  f e w  m in u te s  t h e  a n im a l  b ecom es o f  

a d e f i n i t e  p a l e  b lu e  c o l o u r .  T horough m i c r o s c o p i c  ex a m in 

a t i o n  o f  t h e  t i s s u e s  a t  t h i s  t im e  show s no e v i d e n c e  o f  t h e  

d y e ,  w h ich  i s  l o c a t e d  i n  t h e  b od y  f l u i d s .  D i f f u s e  s t a i n i n g  

o f  t h e  e p id e r m is  o c c u r s  r a p i d l y  and p e r s i s t s  f o r  many d a y s  

a f t e r  a  s i n g l e  i n j e c t i o n ;  t h e  s k i n  on r e f l e c t i o n  may a p p ea r  

q u i t e  b lu e  w h i l e  t h e  s u b c u t a n e o u s  t i s s u e s  a r e  much p a l e r .

R ou s (1 9 2 5 )  h a s  n o t e d  t h a t  a f t e r  v i t a l  s t a i n i n g  w i t h  l i t m u s  

t h e  e p id e r m is  s t a i n s  o f  q u i t e  a  d eep  d i f f u s e  b lu e  c o l o u r  w h i l e  

t h e  s u b c u ta n e o u s  t i s s u e s  become r e d  o w in g  t o  t h e  a c c u m u la t io n  

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

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

a r e  d e f i n i t e l y  a c i d .  Rous (1 9 2 5 )  a l s o  n o t e s  t h e  d i f f u s e  s t a i n 

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

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

m acro p h a g es  b o th  i n  t h e  c o n n e c t i v e  t i s s u e s  and i n  t h e  o r g a n s  

e x h i b i t  g r a n u l e s  and v a c u o l e s  w i t h  a  m a r k e d ly  a c i d  r e a c t i o n .

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

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

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

b l u e ,  b u t  t h i s  s t a i n i n g  f a d e s  a f t e r  a  fe w  d a y s .  P e t r o f f  (1 9 2 2 )  

h a s  u s e d  t h i s  m ethod t o  s t u d y  t h e  mode o f  n o u r is h m e n t  o f  t h e  

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

t h e  r e s u l t s  o f  h i s  o b s e r v a t i o n s  to  t h e  s t u d y  o f  e sq p e r im en ta l  

a r t e r i a l  d i s e a s e .

T h is  d i f f u s e  s t a i n i n g  i s  h e l d  by m o st  w r i t e r s  t o  

be a  s im p le  a b s o r p t i o n  w h ic h  i s  d e te r m in e d  b y  t h e  p h y s i c a l  

c h a r a c t e r s  o f  t h e  s t r u c t u r e  s t a i n e d .  I t  i s  t o  be n o t e d  t h a t  

i t  h a s  a  s e l e c t i v e  c h a r a c t e r  w h ich  r e m a in s  o n l y  a s  l o n g  a s  

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

As h a s  b een  m e n t io n e d  p r e v i o u s l y  d e a th  o f  i n d i v i d u a l  

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

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

h e a l t h y  s t a t e  r e m a in s  u n s t a i n e d  t h e n  becom es p r o g r e s s i v e l y  

c o l o u r e d .  S i m i l a r l y ,  s e r i o u s l y  i n j u r e d  or  n e c r o s e d  a r e a s  i n  

an o rg a n  or t i s s u e  become d i f f u s e l y  s t a i n e d  by th e  d y e s ,  e . g . ,  

t r y p a n  b l u e ,  e v e n  i f  su c h  t i s s u e  i s  n o r m a l l y  f r e e  from  t h e  s t a in  
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R e c e n t l y  M c C le l la n  and G o o d p a stu re  ( 1 9 2 3 )  h a v e  u t i l i s e d  t h i s  

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

e n c e p h a l i t i s  i n  t h e  r a b b i t ' s  b r a i n ,  t h e  i n j u r e d  a r e a s  p r e s e n t 

i n g  a  s t r i k i n g  c o l o u r  a g a i n s t  t h e  q u i t e  u n s t a i n e d  h e a l t h y  b r a i n  

t i s s u e .  T r y p a n 'b lu e  h a s  a l s o  b e e n  u t i l i s e d  b y  R a m s d e l l  ( 1 9 2 8 )  

t o  d e m o n s tr a te  t h e  im m ed ia te  s k i n  r e a o t i o n  i n  r a b b i t s  and 

g u i n e a - p i g s  s e n s i t i z e d  t o  h o r s e  seru m . The s i t e  o f  i n j e c t i o n  

o f  t h e  t e s t  d o s e  r a p i d l y  b ecom es o f  a  much d e e p e r  b lu e  c o l o u r  

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

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

i n  u n s t a i n e d  a n im a l s .  T h is  i s  a  v a l u a b l e  p r o p e r t y  and one  

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

g a t i o n s .

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

mouse w h ich  h a s  r e c e i v e d  s e v e r a l  d o s e s  o f  t r y p a n  b lu e  o v e r  a  

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

w i l l  be r e a d i l y  a p p r e c i a t e d .

The a n im a l i s  c o lo u r e d  a  b r i g h t  b lu e  g e n e r a l l y .  The 

s k i n  and mucous membranes a r e  o f  b r i g h t  b lu e  c o l o u r ,  bu t t h e  

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

b lu e  c o l o u r ;  i n  f e m a le  a n im a ls  t h e  mammary g la n d s  a r e  more 

d e e p ly  c o lo u r e d  t h a n  t h e  a r e o l a r  and f a t t y  t i s s u e  i n  w h ich  

t h e y  l i e .  T h is  i s  e s p e c i a l l y  marked i n  p r e g n a n t  and l a c t a t i n g  

a n i m a l s .  The s k e l e t a l  m u s c le s  ap p ea r  g r e e n i s h ,  c h i e f l y  owing  
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t o  t h e  p r e s e n c e  o f  v i t a l l y  s t a i n e d  c e l l s  i n  t h e  i n t e r s t i t i a l  

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

t h a n  o t h e r  m u s c l e s .  T en dons a r e  o f  s h i n i n g  b l u e  s i l k y  a p p e a r 

a n ce  and t h e i r  i n s e r t i o n s  i n t o  b o n e s  a r e  o f t e n  more d e e p l y  

c o l o u r e d .  In  you n g  a n im a ls  t h e  g r o w in g  e n d s  o f  t h e  b o n e s  a r e  

c o lo u r e d  d eep  b lu e  ow ing  t o  i n t e n s e  d e p o s i t  o f  t h e  dye a lo n g  

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

b y  S h i p l e y  and M a ck lin  ( 1 9 1 7 )  i n  s t u d y i n g  t h e  d i s t r i b u t i o n  o f  

o s t e o g e n i c  c e n t r e s  i n  t h e  b o n e s .  Thus i n  you n g  g r o w in g  a n im a ls  

t h e  c o s t o - c h o n d r a l  j u n c t i o n s  a p p ea r  much more d e e p l y  s t a i n e d  

t h a n  t h e  r i b  or  c a r t i l a g e  on e i t h e r  s i d e .  The ly m p h a t ic  g l a n d s  

a r e  o f  v e r y  d eep  b lu e  c o l o u r  and t h e  f a t  i n  w h ich  t h e y  l i e  i s  

o f  a  p a l e  g r e e n i s h  h u e .

I n  t h e  i n t e r n a l  o r g a n s  t h e  p e r i t o n e a l  and p l e u r a l  

t i s s u e s  ap p ea r  o f  a  p a l e  b lu e  hue s i m i l a r  t o  t h a t  .o f  c o n n e c t i v e  

t i s s u e ,  b u t  i t  m ust be e m p h a s is e d  t h a t  w here  i n j e c t i o n  i s  made 

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

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

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

l e s s  i n t e n s e l y  c o l o u r e d .

The l i v e r  i s  o f  v e r y  d eep  b lu e  c o l o u r ,  and i s  u s u a l l y  

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

u n ifo r m  th r o u g h o u t  bu t t h e  g a l l - b l a d d e r  i s  r e l a t i v e l y  p a l e  and  

t h e  b i l e  d o e s  n o t  ap p ea r  t o  be c o lo u r e d  b y  t h e  d y e .

The s p l e e n  i s  a l s o  d e e p l y  c o lo u r e d  t o  n ak ed  eye  
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5 4 .

e x a m in a t io n  and t h e  M a lp h ig ia n  b o d i e s  s t a n d  o u t  a s  v e r y  p a l e  

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

o f  t h e  o r g a n  i'B l e s s  d e e p l y  s t a i n e d  t h a n  t h e  c a p s u l e .

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

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

th o u g h  t h e  t i p  o f  t h e  r e n a l  p yram id  i s  a lw a y s  more d e e p l y  

c o lo u r e d  th a n  t h e  i n t e r m e d i a t e  z o n e .

The bone marrow i s  o f  d eep  b lu e  c o l o u r  th r o u g h o u t  

t h e  s h o r t  b o n e s ,  and i n  l a b o r a t o r y  a n im a ls  g e n e r a l l y  t h e  s t a i n 

i n g  i s  p r e s e n t  th r o u g h o u t  t h e  l o n g  b o n es  a l s o ,  b u t  i s  u s u a l l y  

more i n t e n s e  to w a r d s  t h e i r  e n d s .  H ere  t h e  c o l o u r  may be p a r 

t i a l l y  m asked by t h e  r e d  c o l o u r  o f  t h e  marrow i t s e l f ,  w h i l e  

t h e  more f a t t y  p o r t i o n s  to w a r d  t h e  c e n t r e  o f  t h e  s h a f t  o f ,  s a y ,  

t h e  fem ur t a k e  on a  s l i g h t l y  g r e e n i s h  y e l l o w  h u e .

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

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

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

The j u n c t i o n a l  zo n e  w i t h  t h e  m e d u l la  i s  u s u a l l y  r a t h e r  more 

d e e p l y  c o lo u r e d .

The p a n c r e a s  and s a l i v a r y  g la n d s  a r e  o f  p a l e  b lu e  

c o lo u r  b u t  t h e r e  may be a r e a s  o f  more i n t e n s e  s t a i n i n g  owing  

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

The s to m a ch  show s v a r y i n g  d e g r e e s  o f  s t a i n i n g  i n  

d i f f e r e n t  s i t e s : '  t h e  c a r d i a c  end and b od y  o f  t h e  s to m a ch  
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a r e  o f  v e r y  p a l e  b lu e  c o l o u r ,  b u t  t h e  p y l o r i c  c a n a l  ana r i n g  

a r e  much more d e e p l y  s t a i n e d ,  and t h i s  d e e p e r  hue i s  c a r r i e d  

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

s i t y - .  The l a r g e  b o w e l i s  more d e e p l y  c o l o u r e d ,  e s p e c i a l l y  

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

i n t e n s e .  The ly m p h o id  f o l l i c l e s  i n  t h e  b o w e l  w a l l  a r e  a lw a y s  

more d e e p l y  s t a i n e d  th a n  t h e  g u t  i t s e l f .  W ith  i s a m in e  b l u e ,  

on t h e  o t h e r  h an d , t h e  caecum  i s  o f  p a l e r  c o l o u r  th a n  t h e  

s m a l l  bov /e l.

The omentum i s  p a l e  b lu e  g e n e r a l l y  w i t h  num erous  

d e e p l y  p ig m e n te d  a r e a s ,  some o f  w h ich  a r e  i n  r e l a t i o n  t o  

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

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

w it h  more i n t e n s e  a g g r e g a t i o n s  around t h e  v e s s e l s ,  w h i l e  th e  

ly m p h o id  t i s s u e  i s  d a r k e r  i n  h u e ,  s i m i l a r  t o  t h a t  o f  lym p h oid  

t i s s u e  e l s e w h e r e .

In  t h e  m ale t h e  t e s t e s  a r e  c o l o u r e d  r a t h e r  more 

d e e p l y  th a n  t h e  p a n c r e a s  or  s a l i v a r y  g la n d s  bu t l e s s  d e e p l y  

th a n  ly m p h a t ic  g l a n d s .  In  t h e  fe m a le  t h e  o v a r i e s  a r e  g e n e r 

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

s c r i b e d  a r e a s  o f  much d e e p e r  c o l o u r  w h ich  c o r r e s p o n d  to  

G r a a f ia n  f o l l i c l e s .  The F a l l o p i a n  t u b e s  and u t e r u s  a r e  o f t e n  

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

s c a r c e l y  d im in i s h e d  i n t e n s i t y  o v e r  a  l o n g  p e r i o d ,  a f t e r  t h e  
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o t h e r  o r g a n s  and t i s s u e s  h a v e  becom e a lm o s t  c o m p l e t e l y  

d e c o l o u r i s e d .

The w a l l s  o f  t h e  b lo o d  v e s s e l s  a r e  p a l e  b l u e ,  b u t  

t h e  s t a i n i n g  o f  v e s s e l  w a l l s  i s  more p r o n o u n c ed  w i t h i n  a  fe w  

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

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

u s u a l l y  d i f f u s e  i n  c h a r a c t e r ,  b u t  i n  d o g s  and c a t s  O k u n eff  

(1 9 2 6 )  h a s  shown t h a t  i n  t h e  e a r l y  s t a g e s  v i t a l  s t a i n i n g  o f  

t h e  a o r t a  i s  p a t c h y  i n  d i s t r i b u t i o n ,  t h e  r e g i o n  j u s t  ab ove  

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

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

f i r s t  and m ost p r o n o u n c e d ly  s t a i n e d .  G lasen ow  (1 9 2 6 )  o b t a in e d  

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

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

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

b y  A n itsc h k o w  (1 9 1 3 )  and o t h e r s  i n  e a r l y  l i p o i d  i n f i l t r a t i o n  

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

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

The b lo o d  i s  t i n t e d  w i t h  t h e  d y e ,  t h e  i n t e n s i t y  

d e p e n d in g  on t h e  l e n g t h  o f  t im e  a f t e r  i n j e c t i o n .  At f i r s t ,  

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

p r e p a r a t i o n s  t h e y  ap p ea r  g r e e n i s h ,  b u t  t h i s  s t a i n i n g  d i s 

a p p e a r s  w i t h i n  a  few  h o u r s .  The w h i t e  c o r p u s c l e s  rem a in  

q u i t e  u n s t a i n e d  g e n e r a l l y .  The b lo o d  p la sm a  c a r r i e s  t h e  dye  
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th r o u g h o u t  t h e  b od y  a n d , a s  # $ 0  d i f f u s i o n  o c c u r s  from  th e  

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

g r a d u a l l y  d i m i n i s h e s .  At t h e  same t i m e ,  t h e  dye c o n t e n t  o f  

t h e  b lo o d  p la sm a  i s  b e i n g  lo w e r e d  b y  e x c r e t i o n  o f  t h e  dye  

th r o u g h  t h e  k id n e y  and i n t e s t i n e ,  s o  t h a t  e v e n t u a l l y  t h e  

c o n c e n t r a t i o n  i n  t h e  p la sm a  f a l l s  b e lo w  t h a t  o f  t h e  t i s s u e s  

w h ich  t h e n  commence t o  y i e l d  up t h e i r  d y e s t u f f  a g a i n  t o  t h e  

p la sm a .

D e c o l o u r i s a t i o n  o f  t h e  a n im a l  g o e s  on s l o w l y  i n  

t h i s  way and t r a c e s  o f  dye c a n  be d e m o n s tr a te d  i n  t h e  p la sm a  

or  serum  o f  a n im a ls  f o r  c o m p a r a t i v e l y  l o n g  p e r i o d s  a f t e r  t h e  

a d m i n i s t r a t i o n  o f  t h e  d y e .

The u r i n e  o f  a n im a ls  s t a i n e d  w i t h  t r y p a n  b lu e  c o n 

t a i n s  a  c o n s i d e r a b l e  amount o f  t h e  d y e .  In  t h e  e a r l y  s t a g e s  

o f  e x c r e t i o n ,  i . e . ,  w i t h i n  a  fe w  h o u r s  o f  a d m i n i s t r a t i o n ,  t h e  

k id n e y  e x c r e t e s  c h i e f l y  a  r e d  com ponent o f  t h e  dye -  p r o b a b ly  

an im p u r i t y  -  so  t h a t  t h e  u r i n e  i s  p u r p l i s h  i n  c o l o u r .  A f t e r  

t w e n t y - f o u r  h o u r s ,  h o w e v e r ,  t h e  r e d  dye a p p e a r s  t o  be e n t i r e l y  

e x c r e t e d ,  and t h e  u r i n e  becom es p u re  b lu e  and f i n a l l y ,  a s  t h e  

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

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

e x c r e t e d  p a r t l y  by t h e  l a r g e  i n t e s t i n e .

The c e r e b r o - s p i n a l  f l u i d ,  i n  m o d era te  d e g r e e s  o f  

v i t a l  s t a i n i n g ,  i s  q u i t e  c l e a r  and d y e - f r e e  b u t ,  un der  v e r y  
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h e a v y  d o s a g e ,  a  s m a l l  amount o f  dye  seem s  t o  e s c a p e  i n t o  t h e  

c e r e b r o s p i n a l  f l u i d ,  w h ich  b ecom es v e r y  p a l e  b lu e  i n  c o lo u r  

(Goldm ann, 1 9 0 9 ,  1 9 1 3 ) .  I t  i s  d i f f i c u l t  t o  u n d e r s t a n d  why 

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

p er m e a b le  t o  d y e s  o f  t h e  t r y p a n  b lu e  c l a s s ,  s h o u ld  a p p ea r  to  

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

v e s s e l  w a l l s ,  and so  i n t o  t h e  V ir c h o w -R o b in  s p a c e s  and t h e  

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

c u b i c a l  l i n i n g  c e l l s  become q u i t e  d e e p l y  s t a i n e d  w i t h  f i n e  

u n ifo r m  g r a n u l e s .  P e r h a p s  t h e  l a c k  o f  c o l o u r a t i o n  o f  t h e  

c e r e b r o s p i n a l  f l u i d  d ep en d s  on t h e  t o t a l  l a c k  o f  a f f i n i t y  

o f  h e a l t h y  n e r v o u s  t i s s u e  f o r  th e  v i t a l  s t a i n s ,  f o r  t h e  b r a i n  

and c o rd  a lw a y s  r em a in  f r e e  from  dye when i n  a  h e a l t h y  s t a t e ,  

th o u g h  a r e a s  o f  damage, e . g . ,  s o f t e n i n g ,  in f la m m a t io n ,  & c . ,  

become d e e p l y  s t a i n e d .  C e r t a i n l y  i t  i s  s t r i k i n g  t h a t  a l t h o u g h  

t h e  b lo o d  p la sm a  i s  k e p t  d e e p l y  c o l o u r e d  w i t h  t h e  d y e  o v e r  a  

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

i s  v e r y  much l e s s  i n t e n s e  a t  a l l  t i m e s  t h a n  t h a t  o f  t h e  p la sm a .

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

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

v i t a l  s t a i n i n g ,  t h e r e  i s  a  s m a l l  a r e a  around t h e  tu b e r  c in e re u m  

w h ic h  becom es d i f f u s e l y  s t a i n e d  w i t h  t h e  d y e .  I n  a  t r y p a n  b lu e  

a n im a l  t h e r e  i s  t h u s  a  b l u i s h  h a lo  around t h e  b a s e  o f  i n s e r t i o n  

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

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

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

b lu e  c o l o u r a t i o n  i n  t h i c k  s e c t i o n s  b u t  am u n a b le  t o  o f f e r  any  

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

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

i s  r e l a t e d  i n  some way to  t h e  a b s o r p t i o n  o f  t h e  s e c r e t i o n  o f  

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

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

c in e r e u m  r e p r e s e n t s  t h e  a b s o r p t i o n  o f  some com ponent or  

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

w h ich  p a s s e s  ou tw ard  i n  t h i s  w ay  t o  be a b s o r b e d  i n t o  t h e  

t h i r d  v e n t r i c l e .  The p i t u i t a r y  g la n d  i t s e l f  i s  fo u n d  t o  be 

o f  p a l e  b lu e  c o l o u r ,  t h e  a n t e r i o r  l o b e  b e i n g  more d e e p l y  

p ig m e n te d  t h a n  t h e  p o s t e r i o r .  The p i n e a l  b od y  a l s o  i s  u s u a l l y  

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

a l s o  o f  p a l e  b lu e  c o l o u r .  The d u ra  i s  more d e e p l y  c o l o u r e d  

th a n  t h e  p i a  a r a c h n o id ,  and i t  i s  n o t i c e a b l e  t h a t  t h e  d u ra  i s  

g e n e r a l l y  more d e e p l y  s t a i n e d  w here t h e  c r a n i a l  n e r v e s  p a s s  

th r o u g h  t h e  membrane, e s p e c i a l l y  o v e r  t h e  o l f a c t o r y  l o b e s  and  

around t h e  G a s s e r ia n  g a n g l i o n .  The a b o v e  d e s c r i p t i o n  o f  t h e  

l a c k  o f  a f f i n i t y  o f  th e  c e n t r a l  n e r v o u s  s y s t e m  f o r  v i t a l  s t a i n s  

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

t i s s u e  damaged by s o f t e n i n g  or in f la m m a t o r y  c h a n g e s  become 

q u i t e  d e f i n i t e l y  s t a i n e d .  (M a c k l in  and M a c k l in ,  1 9 2 0 ,  McCurdy 

and E v a n s ,  1 9 1 2 ) .  R e c e n t l y  S i e n g a l e w i c z  (1 9 2 5 )  h a s  shown t h a t  
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g e n e r a l  damage t o  t h e  n e r v o u s  t i s s u e ,  e . g . ,  i n  p o i s o n i n g  

w i t h  c a r b o n  m on oxid e  or  w i t h  s a l v a r s a n  l e a d s  t o  q u i t e  marked  

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

. The t h y r o i d  g la n d  h a s  g e n e r a l l y  a  p a l e  b lu e  sh a d e  

su p e r im p o se d  on i t s  n a t u r a l  r e d d i s h  t r a n s l u c e n t  c o l o u r .  The 

thym us g la n d  i s  v e r y  p a l e  b lu e  and c o n t r a s t s  s h a r p l y  w i t h  

t h e  much more d e e p l y  s t a i n e d  m e d i a s t i n a l  lymph n o d e s .

G ra n u la r  V i t a l  S t a i n i n g  o f  C e l l s .

I t  i s  t o  be n o t e d  t h a t  w i t h  a l l  t r u e  s o l u b l e  v i t a l  

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

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

t i s s u e s  and i t s  a p p ea r a n c e  w i t h i n  c e l l s  i n  t h e  form  o f  

" v a c u o le s "  and g r a n u l e s .  T h is  p e r i o d  v a r i e s  g r e a t l y  w i t h  

d i f f e r e n t  d y e s ,  and i s  s h o r t e r  w i t h  t h e - d y e s  o f  g rou p  (a )  

t h a n  w i t h  t h o s e  o f  g rou p  (b )  ( S e e  p .  <{ ) .  The fo rm er  r e 

q u ir e  a b o u t  t h r e e  h o u r s  or more t o  become v i s i b l e  w i t h i n  th e  

c e l l s ,  w h i l e  t h e  l a t t e r  do n o t  ap p ear  u n t i l  a f t e r  a b o u t  6 -8  

h o u r s .  D u r in g  t h i s  l a g  p e r i o d  t h e  c e l l s  a r e  b a th e d  i n  t i s s u e  

f l u i d s  im p r e g n a te d  w i t h  t h e  d y e ,  w h ich  i s  p r e su m a b ly  p e n e t r a t 

i n g  t h e  c e l l  membrane and g a i n i n g  e n t r a n c e  t o  t h e  c y t o p la s m .  

The m echanism  b y  w hich  c o n c e n t r a t i o n  o f  t h e  d y e  i s  e f f e c t e d  

i s  a t  p r e s e n t  unknown, bu t a s  h a s  b een  p r e v i o u s l y  p o i n t e d  o u t ,  
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i t  i s  d e f i n i t e l y  d e p e n d e n t  on t h e  v i t a l i t y  o f  t h e  c e l l s  and  

c a n n o t  he r e p r o d u c e d  a f t e r  d e a t h .

E x a m in a t io n  o f  t h e  s u b c u t a n e o u s  t i s s u e s  o f  a  mouse  

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

a  s i n g l e  in t r a v e n o u s  or 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 r y p a n  

b lu e  t o  a v o id  l o c a l  r e a c t i o n ,  r e v e a l s  a  p i c t u r e  s i m i l a r  t o  

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

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

may be s e e n  t o  be s t a i n e d  o f  a  p a l e  b l u e  c o l o u r :  t h i s  p h en 

omenon i s  much more marked a t  s h o r t e r  i n t e r v a l s  a f t e r  t h e  

i n j e c t i o n  o f  d y e ,  e . g . ,  f i v e  h o u r s ,  and by t h e  end o f  t w e n t y -  

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

i d e n t i f i e d  b y  t h e i r  num erous l a r g e  and s m a l l  b lu e  v a c u o l e s  

v a r y i n g  i n  number from  a  d o z e n  up t o  a  h u n d red  or more i n  

ea ch  c e l l  ( f i g .  S ) .  Some o f  t h e  v a c u o l e s  a r e  o f  u n i fo r m  

p a le  b lu e  c o l o u r ,  w h i l e  o t h e r s  c o n t a i n  more c l e a r l y  d e f i n e d  

d eep  b lu e  g r a n u l e s ,  w h ich  may so m e t im e s  be fo u n d  i n  a c t i v e  

B row nian movement w i t h i n  t h e  v a c u o l e s  and s o m e t im e s  ap p ea r  

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

and t h e  n u c le u s  a r e  q u i t e  u n c o lo u r e d .  The f i b r o c y t e s  c o n t a i n

a  fe w  f i n e  b l u i s h  g r a n u l e s  u s u a l l y  i n  t h e  v i c i n i t y  o f  th e  
( f i g . k b )

n u c l e u s . /  Here and t h e r e  s m a l l e r  round or  o v a l  c e l l s  c o n 

t a i n i n g  s c a n t y  v a c u o l e s  and g r a n u l e s  o f  v a r y i n g  s i z e  a r e  

fo u n d ;  t h e s e  a r e  p r o b a b ly  t o  be r e g a r d e d  a s  immature c e l l s .

A s /



As an a i d  t o  t h e  d i f f e r e n t i a t i o n  o f c e l l  t y p e s  one  

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

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

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

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

f r e q u e n t l y  t h e  l a t t e r  o b s c u r e s  t h e  b lu e  dye (" f ig .  $  ) .  S in c e

i n  m ost c a s e s  t h e  n e u t r a l  r e d  i s  s t o r e d  i n  t h e  same g r a n u l e s  

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

i s  c l e a r  t h a t  t h e  a c i d  d i s - a z o  dye h a s  b e e n  d e a l t  w i t h  by  

t h e  " s e g r e g a t i o n  a p p a r a tu s "  w h ich  h a s  i n  many c a s e s  become 

g r e a t l y  i n c r e a s e d  i n  s i z e .

In  a d d i t i o n  c e l l s  a r e  f r e q u e n t l y  e n c o u n t e r e d  w h ich  

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

v a c u o l e s  i n  o n l y  a  fe w  o f  w h ich  t r y p a n  b lu e  i s  p r e s e n t .  Some 

o f  t h e s e  c e l l s  a r e  c l e a r l y  h i s t i o c y t e s  w hose s e g r e g a t i o n  

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

p r a c t i c a l l y  no t r y p a n  b lu e ;  o t h e r s  m o r p h o l o g i c a l l y  r e s e m b le  

f i b r o c y t e s  i n  w h ic h  t h e  " s e g r e g a t i o n  a p p a r a t u s "  h a s  become  

much more e x t e n s i v e  th a n  u s u a l .  ! f  ig^Se) .

I n  my e x p e r i e n c e  t h e  s t u d y  o f  t h e  m i t o c h o n d r ia  i n  

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

e s p e c i a l l y  when t h e  c e l l s  c o n t a i n  a  b lu e  v i t a l  d y e ,  and I  

h a v e  n o t  b een  a b le  t o  s a t i s f y  m y s e l f  t h a t  t h e s e  c y t o p la s m ic  

e le m e n t s  c a n  be d i s t i n g u i s h e d  w i t h  s u f f i c i e n t  s h a r p n e s s  t o  
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j u s t i f y  t h e i r  u s e  a s  a  c r i t e r i o n  f o r  s e p a r a t i n g  t h e  d i f f e r e n t  

t y p e s  o f  c e l l s  v i t a l l y  s t a i n e d  w i t h  t h e  a c i d  d i s - a z o  d y e s .

E van s  and S c o t t  (1 9 2 1 )  s t a t e  t h a t  t h e  d i f f i c u l t y  

o f  d e m o n s t r a t in g  m i t o c h o n d r ia  i n  c e l l s  lo a d e d  w i t h  v i t a l  s t a i n s  

may he su rm ou n ted  by u s i n g  ja n u s  g r e e n  i n  s t r o n g e r  c o n c e n t r a 

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

o t h e r  w o r k e rs  i s  due t o  t h e  p r e s e n c e  o f  f r e e  a c i d  d i s - a z o  dye  

w h ic h ,  t h e y  s t a t e ,  c o m b in es  w i t h  t h e  b a s i c  ja n u s  g r e e n .  In  

my e x p e r i e n c e ,  h o w e v e r ,  i t  h a s  b e e n  i m p o s s i b l e  t o  o b t a i n  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  o f  m i t o c h o n d r ia  i n  v i t a l l y  s t a i n e d  h i s t i o 

c y t e s  or f i b r o c y t e s .  E ven i n  c e l l s  v i t a l l y  s t a i n e d  w i t h  v i t a l  

new r e d  w h ich  a f f o r d s  a  s u f f i c i e n t  c o n t r a s t  i n  c o l o u r  t o  th e  

ja n u s  g r e e n ,  t h e  m i t o c h o n d r ia  h a v e  b e e n  in c o n s p i c u o u s  i n  t h e  

h ig h  d i l u t i o n s  fo u n d  b e s t  f o r  n orm al t i s s u e s .  By u s i n g  s t r o n g e r  

s o l u t i o n s  ( 1 - 1 0 , 0 0 0  or  1 - 5 , 0 0 0 )  b l u i s h  g r e e n  g r a n u l e s  ap p ea r  

w i t h i n  t h e  c e l l s ,  b u t  I  h ave  b e e n  u n a b le  t o  s a t i s f y  m y s e l f  t h a t  

t h e i r  m o rp h o lo g y  j u s t i f i e d  t h e  d e s i g n a t i o n  o f  m it o c h o n d r ia :  

t h e y  m ig h t  w e l l  b e lo n g  t o  t h e  s e g r e g a t i o n  a p p a r a t u s ,  t h e  s m a l l e s t  

g r a n u l e s  o f  w h ic h  a l s o  become s t a i n e d  i n  t h e s e  s t r e n g t h s  o f  ja n u s  

g r e e n .  One must c o n c lu d e ,  t h e r e f o r e ,  t h a t  e v en  w i t h  t h e  a i d  o f  

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

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

o f  c e l l s  o f  i n t e r m e d i a t e  m o r p h o lo g ic a l  c h a r a c t e r s  m ust be r e c o g 

n i s e d .  F u r th e r  s i n c e  m ost r e s e a r c h  i n  p a t h o l o g i c a l  h i s t o l o g y  
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r e q u i r e s  f i x e d  and s e c t i o n e d  m a t e r i a l ,  t h e  c r i t e r i a  f u r 

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

The maximum i n t e n s i t y  o f  i n t r a c e l l u l a r  s t a i n i n g  

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

o f  t r y p a n  b l u e .  At t h i s  t im e  t h e  b lo o d  p la sm a  i s  o f  d eep  

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

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

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

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

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

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

a t i o n  i s  n o t  c o m p le te  f o r  some w e e k s .  I t  i s  t h u s  c l e a r  t h a t  

t h e  h i g h e s t  d e g r e e s  o f  i n t r a c e l l u l a r  dye s t o r a g e  c a n n o t  be 

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

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

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

a se c o n d  i n j e c t i o n  o f  t h e  dye i n  t h e  same d o s e  n i n e t y - s i x  

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

c r e a s e  i n  t h e  number and s i z e  o f  t h e  dye d e p o s i t s  and t h e  

g r a n u l e s  and v a c u o l e s  become o f  d e e p e r  h u e .  By f r e q u e n t l y  

r e p e a t e d  i n j e c t i o n s  o v e r  a  c o n s i d e r a b l e  p e r i o d  i t  i s  p o s s i b l e  

t o  o b t a i n  v e r y  much l a r g e r  and more i n t e n s e  i n t r a c e l l u l a r  dye  

d e p o s i t s  th a n  a f t e r  s e v e r a l  i n j e c t i o n s .  By a d m i n i s t e r i n g  a 

se c o n d  dye o f  a  d i f f e r e n t  c o l o u r  i t  i s  c l e a r l y  shown t h a t  
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many o f  t h e  v i t a l l y  s t a i n e d  c e l l s  a r e  c a p a b le  o f  a b s o r b in g  

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

c o n t a i n i n g  o n l y  t h e  s e c o n d  dye a r e  fo u n d .

A f t e r  r e p e a t e d  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  t r y p a n  

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

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

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

v a r i a t i o n  i n  s i z e ;  some may be a s  l a r g e  a s  t h e  n u c l e u s ,  w h i l e  

o t h e r s  a r e  m in u te .  T h e ir  c o n t e n t s  v a r y  c o n s i d e r a b l y  i n  t i n t ,  

some a r e  o f  u n i fo r m  b lu e  c o l o u r ,  b u t  o t h e r s  c o n t a i n  i r r e g u l a r  

and v e r y  i n t e n s e l y  c o l o u r e d  g r a n u la r  m a s se s  o f  much d e e p e r  

sh ad e  th a n  t h e  v a c u o l a r  f l u i d  w i t h  w h ic h  t h e y  a r e  su r ro u n d e d  

( f i g . 2 >  ) .

I f  t h e  dye  be  i n j e c t e d  i n t o  t h e  s u b c u t a n e o u s  t i s s u e  

e i t h e r  i n  a  s i n g l e  l a r g e  amount or i n  r e p e a t e d  s m a l l e r  d o s e s ,  

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

w h ich  t h e  dye h a s  s p r e a d  s l o w l y  b y  d i f f u s i o n .  At t h e  s i t e  

o f  i n j e c t i o n  t h e  h i s t i o c y t e s  c o n t a i n  enorm ous g l o b u l a r  

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

a l s o  come t o  c o n t a i n  a  g r e a t l y  i n c r e a s e d  amount o f  v i t a l  

s t a i n  ( f i g . 6 ,2  ) .  Sharp d i f f e r e n t i a t i o n  o f  h i s t i o c y t e s  and 

f i b r o c y t e s  becom es more d i f f i c u l t  and t h e  number o f  i n t e r 

m e d ia te  c e l l  t y p e s  and im m ature c e l l s  i n c r e a s e s  g r e a t l y .

E ven r q p i d l y  a b so r b e d  d y e s  s u c h  a s  t r y p a n  b lu e  p ro d u ce  a 
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w e l l  marked c e l l u l a r  r e a c t i o n  a t  t h e  s i t e  o f  i n j e c t i o n ,  and 

many new " p o l y b l a s t i c "  c e l l s  a r e  fo rm ed  i n  r e s p o n s e  t o  t h e  

m ild  a s e p t i c  in f la m m a t io n  in d u c e d  b y  t h e  p r e s e n c e  o f  t h e  d y e .

When d y e s  o f  t h e  s l o w l y  a b s o r b e d  t y p e ,  e . g . ,  

i s a m in e  b lu e  or  d ia m in e  f a s t  s c a r l e t ,  a r e  i n t r o d u c e d  l o c a l l y  

i n t o  th e  t i s s u e s  t h e y  s e t  up a  more p r o n o u n c ed  l o c a l  i r r i 

t a t i o n ,  w ith  some oedema and more marked c e l l u l a r  r e a c t i o n .  

W ith su c h  d y e s ,  t h e  h i s t i o c y t e s  a t  t h e  s i t e  o f  i n o c u l a t i o n  

p r e s e n t  e x trem e  d e g r e e s  o f  dye  s t o r a g e  ( f i g s . I f , t o o .  ) ,  

w h i l e  th e  t y p i c a l  f i b r o c y t e s  a l s o  c o n t a i n  num erous d y e  g r a n 

u l e s  o f  r e l a t i v e l y  u n i fo r m  s m a l l  s i z e .  S m a l le r  p o l y b l a s t i c  

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

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

must be assum ed t h a t  t h e  p o l y b l a s t s  d e v e lo p  from  s m a l l  un

s t a i n e d  c e l l s  w h ich  h ave  m ig r a t e d  i n t o  t h e  p a r t .  I n t e r 

m e d ia t e  c e l l  form s a r e  o f t e n  a b u n d a n t ,  and th u s  a c c u r a t e  

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

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

w h ich  h ave  t a k e n  up an u n u s u a l l y  l a r g e  amount o f  t h e  v i t a l  

s t a i n  ( f i g .  ^c. ) .

When g e n e r a l i s e d  v i t a l  s t a i n i n g  o f  h ig h  d e g r e e  i s  

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

o f  a r e a s  w h ich  have r e c e i v e d  t h e  dye b y  g r a d u a l  d i f f u s i o n  

c o n t a i n  a  v e r y  l a r g e  number o f  r a t h e r  u n ifo r m  s m a l l  v a c u o l e s  . 
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o f t e n  o f  a lm o s t  hom ogen eou s  t i n t ,  w h i l e  t h e  f i h r o c y t e s  a r e
( f i g . *  )

fo u n d  t o  p o s s e s s  much s m a l l e r  and l e s s  d e e p l y  s t a i n e d  v a c u o l e s . /  

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

i n  su c h  a r e a s ,  and i t  i s  p r o b a b ly  f o r  t h i s  r e a s o n  t h a t  G o ld -  

mann (1 9 0 9 )  o b t a in e d  s u c h  s t r i k i n g l y  s e l e c t i v e  p i c t u r e s  w i t h  

h i s  o r i g i n a l  " p y r r h o l  b l u e . "  N e v e r t h e l e s s  i n t e r m e d i a t e  and  

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

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

I f  an a n im a l  s u b j e c t e d  t o  i n t r a - v i t a m  s t a i n i n g  be 

a l lo w e d  t o  l i v e  f o r  a  s u f f i c i e n t l y  l o n g  t im e  a f t e r  t h e  c e s s 

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

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

i s  a lm o s t  c o m p l e t e l y  d i s c h a r g e d  from  t h e  t i s s u e s .  T h is  o c c u r s  

much more r a p i d l y  w i t h  d y e s  o f  g rou p  (a )  th a n  w i t h  t h o s e  o f  

group  ( b ) .  F r e q u e n t l y ,  h o w e v e r ,  e v e n  when t h e  t i s s u e s  ap p ear  

c o m p l e t e l y  d e c o l o u r i s e d  t o  n ak ed  e y e  e x a m in a t io n ,  a c a r e f u l  

s e a r c h  w ith  an o i l  im m ers io n  l e n s  w i l l  r e v e a l  t i n y  dye g r a n 

u l e s  i n  many c e l l s .  T h ese  s m a l l  g r a n u l e s  ap p ea r  t o  be  v e r y  

i n s o l u b l e  and h i g h l y  r e s i s t a n t  t o  e x c r e t i o n .  They o c c u r  more 

r e a d i l y  w i t h  some d y e s  th a n  o t h e r s ,  and a r e  a lw a y s  p r e s e n t  

a f t e r  a d m i n i s t e r i n g  v i t a l  new r e d .  E van s  and S c o t t  (1 9 2 1 )  

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

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

I h ave  fo u n d  i t  b y  no means e a s y  t o  d e c i d e  t o  w h ich  t y p e  t h e s e  
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c e l l s  b e l o n g .  I n  my o p i n i o n  b o t h  h i s t i o c y t e s  and f i b r o c y t e s  

a r e  i n v o l v e d  ( f i g .  10 ) ,  b u t  i t  i s  n o t  a lw a y s  p o s s i b l e  t o  

d i f f e r e n t i a t e  b e tw e e n  them  w i t h o u t  t h e  a d d i t i o n  o f  n e u t r a l  

r e d  s u p r a v i t a l l y ;  e v e n  w i t h  t h i s  a i d ■d i f f i c u l t i e s  a r e  m et w i t h .

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

s p r e a d s  o f  s u b c u t a n e o u s  t i s s u e  from  a n im a ls  w h ic h  h a v e  b e e n  

t r e a t e d  some t im e  p r e v i o u s l y  w i t h  t r y p a n  b l u e .  W h ile  t h e  

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

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

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

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

v a c u o la r  f l u i d .  I n  some c e l l s  one f i n d s  a l s o  s m a l l  v e r y  d eep  

b lu e  g r a n u l e s  o f  r h o m b o id a l  sh ap e  s a i d  t o  be  o f  c r y s t a l l i n e  

n a t u r e ,  a p p a r e n t l y  embedded i n  t h e  c y to p la s m ;  no " v a c u o le ” i s  

a s  a  r u l e  v i s i b l e  around them  ( f i g . i l  ) .  A f t e r  a p p l i c a t i o n  

o f  n e u t r a l  r e d  some o f  th e  r h o m b o id a l  g r a n u l e s  may become 

t i n g e d  w i t h  t h e  b r o w n is h  c o l o u r ,  sh o w in g  t h a t  t h e y  l i e  i n  s m a l l  

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

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

on t h e  s u p r a v i t a l  s t a i n .  T h ese  m in u te  g r a n u l e s  ap p ea r  t o  l i e  

i n  t h e  c y t o p la s m  b e tw e e n  t h e  " v a c u o le s "  o f  t h e  s e g r e g a t i o n  

a p p a r a t u s ,  bu t i t  i s  n o t  c l e a r  e x a c t l y  how t h e y  a r e  form ed ,  

i . e . ,  w h e th e r  t h e y  h a v e  a r i s e n  i n  t h e  c y t o p la s m  or w h e th er  

t h e y  h ave  b e e n  form ed w i t h i n  t h e  v a c u o l e s  o f  t h e  s e g r e g a t i o n  
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a p p a r a t u s ,  and h a v e  h e e n  e x t r u d e d  l a t e r  i n t o  t h e  i n t e r -  

v a c u o l a r  c y t o p la s m .  T h ese  " c r y s t a l l i n e "  dye d e p o s i t s  a r e  

m ost e a s i l y  o b t a i n e d  b y  p r o lo n g e d  a d m i n i s t r a t i o n  o f  v e r y  s m a l l  

d o s e s  o f  t r y p a n  b l u e ,  b u t  t h e y  h ave  a l s o  b een  o b s e r v e d  i n  th e  

c e l l s  o f  a n im a ls  w h ic h  h ave  b e e n  r a p i d l y  s t a i n e d  b y  l a r g e  

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

t h e r  t r e a t m e n t .  In  a l l  su c h  c a s e s ,  t h e  a d m i n i s t r a t i o n  o f  a 

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

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

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

some c e l l s ,  b o th  " c r y s t a l l i n e "  d e p o s i t s  o f  t r y p a n  b lu e  and 

c a r m i n e - s t a i n e d  v a c u o l e s  a r e  p r e s e n t  b u t  h ave  rem a in e d  e n 

t i r e l y  s e p a r a t e  ( f i g .  Mb,c) ; i n  o t h e r s  t h e  t r y p a n  b lu e  d e p o s i t s  

ap p ea r  t o  h ave  become d i s s o l v e d  i n  t h e  c o n t e n t s  o f  th e  v a c u o l e s ,  

and g r a n u l e s  o f  m ixed  c o lo u r  a r e  fo u n d  ( f i g . l l ^ 1- ) .

I t  i s  n o t  c l e a r  w h eth er  t h e s e  r h o m b o id a l  g r a n u le s  

o f  t r y p a n  b lu e  a r e  a c t u a l l y  t r u e  c r y s t a l s  a s  Evans and S c o t t  

c la im ,  bu t we h ave  o b s e r v e d  t h e  o c c u r r e n c e  o f  f r a n k l y  c r y s t a l 

l i n e  i n t r a c e l l u l a r  dye d e p o s i t s  w i t h  c e r t a i n  o t h e r  d y e s  ( f i g . i ^ ) .  

In  t h i s  c a s e ,  h o w e v e r ,  we c a n n o t  be s u r e  w h e th e r  t h e  c r y s t a l s  

a r e  form ed e x t r a c e l l u l a r l y  by p r e c i p i t a t i o n  o f  t h e  dye s o l u t i o n  j 

i n  c o n t a c t  w i t h  t h e  t i s s u e  f l u i d s  and h ave  b een  s u b s e q u e n t l y  

i n g e s t e d  b y  t h e  c e l l s ,  or w h e th e r  t h e y  a r e  b u i l t  up a c t u a l l y  

w i t h i n  t h e  c y t o p la s m .  In  many o f  th e  c e l l s  c o n t a i n i n g  t h e  
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l a r g e s t  amount o f  dye  c r y s t a l s  n e u t r a l  r e d  g r a n u l e s  a r e  

e x c e e d i n g l y  s c a n t y ;  i n  o t h e r  p l a c e s  w here t h e  d y e  i s  l e s s  

abu ndan t f i b r o c y t e s  and h i s t i o c y t e s  c a n  be d i s t i n g u i s h e d  by  

s u p r a v i t a l  s t a i n i n g  ( f i g .  13 ) ,  b u t  many c e l l s  o f  i n d e t e r m i n 

a t e  n a t u r e  a r e  a l s o  t o  be fo u n d .

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

p ro d u ced  b y  i n t r a - v i t a m  s t a i n i n g ,  i t  i s  c l e a r  t h a t  we ca n  

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

from  one a n o t h e r  o n l y  up t o  a  p o i n t .  T y p i c a l  h i s t i o c y t e s  and  

f i b r o c y t e s  p r e s e n t  a  c h a r a c t e r i s t i c  m orp h o lo g y  when v i t a l l y  

s t a i n e d ,  b u t  i t  m u st be n o t e d  t h a t  i n d i v i d u a l  c e l l s  may p r e s e n t  

i n t e r m e d i a t e  c h a r a c t e r s  and c a n n o t  a lw a y s  be p u t  i n t o  one or 

o t h e r  c a t e g o r y .  We w ould  e m p h a s iz e  t h a t  t h i s  d i f f i c u l t y  o f  

d i f f e r e n t i a t i n g  c e l l  t y p e s  i s  one w h ich  c a n n o t  be w h o l l y  o v e r 

come, e v e n  w i t h  t h e  h e l p  o f  t h e  s u p r a v i t a l  t e c h n i q u e .  I f  

v i t a l  s t a i n i n g  be c a r r i e d  o u t  o v er  a  p r o lo n g e d  p e r i o d ,  e . g . ,  

w it h  i s a m in e  b l u e ,  t h e  h i s t i o c y t e s  and f i b r o c y t e s  b o th  come 

to  c o n t a i n  a  v e r y  l a r g e  amount o f  dye and a r e  t h u s  d i f f i c u l t  

t o  d i s t i n g u i s h  from  one a n o t h e r ,  w h i l e  a t  t h e  same t im e  new 

p o l y b l a s t i c  c e l l s  a r e  c o n t i n u a l l y  b e in g  form ed i n  t h e  c o n n e c t 

i v e  t i s s u e s .  I f ,  on th e  o t h e r  hand, r a p id  s t a i n i n g  w ith  tr y p a n  

b lu e  or v i t a l  new r e d  be em p lo y ed , i t  i s  i m p o s s i b l e  t o  d e c i d e  

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

w e l l  d e v e lo p e d  v a c u o l e s  or w h e th e r  t h e y  a r e  r e l a t i v e l y  i n a c t i v e  
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h i s t i o c y t e s  su c h  a s  t h o s e  p r e v i o u s l y  d e s c r ib e d  whose f u l l y  

formed " s e g r e g a t io n  ap p aratus"  c o u ld  be d e m o n str a te d  w i th  

n e u t r a l  r e d .

I t  i s  n o t  c l e a r  why c e r t a i n  h i s t i o c y t e s  s h o u ld  rem ain  

r e l a t i v e l y  u n a f f e c t e d  b y  v i t a l  s t a i n s ,  b u t i t  seems r e a s o n a b le  

t o  sup p ose  t h a t  th e  c e l l s  may be i n  a r e s t i n g  or i n a c t i v e  phase  

f o l l o w i n g  p r e v io u s  m e ta b o l ic  a c t i v i t y ,  or i t  may be t h a t  t h e i r  

v a c u o le s  ( s e g r e g a t i o n  a p p a r a tu s )  a re  a l r e a d y  f u l l y  o c c u p ie d  

w it h  o th er  s u b s ta n c e s  w h ich  are n o t  r e a d i l y  d em o n stra b le  by  

h i s t o l o g i c a l  m eans. In  t h i s  c o n n e c t io n  i t  may be n o te d  h ere  

th a t  t h i s  e x p la n a t io n  i s  su p p o r te d  by  th e  r e s u l t s  o f  double  

s t a i n i n g  e x p e r im e n ts ,  i n  w hich  two dyes  o f  a d i f f e r e n t  c o lo u r  

a re  a d m in is te r e d  a t  s u i t a b l e  i n t e r v a l s .  In  su c h  c a s e s  many 

c e l l s  a re  found t o  c o n t a in  o n ly  th e  s u b s ta n c e  f i r s t  i n j e c t e d ,  

o th e r s  c o n t a in  b o th  i n  v a r y in g  p r o p o r t io n s ,  w h i le  a t h i r d  

group c o n t a in s  o n ly  th e  s u b s ta n c e  l a s t  i n j e c t e d  ( f i g .  108 ) .  

These f a c t s  w i l l  be d i s c u s s e d  f u r t h e r  l a t e r ,  b u t  t h e y  appear  

t o  co n firm  th e  h y p o th e s i s  e x p r e s s e d  a b o v e .



I I .  D i s t r i b u t i o n  o f  v i t a l l y  s t a i n i n g  a g e n t s  o f  
s u s p e n s o i d  ( p a r t i c u l a t e )  n a t u r e .

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

p r e p a r a t i o n s ,  e . g . ,  i n d i a  in k  or  s a c c h a r a t e d  o x id e  o f  i r o n ,  

p o s s e s s  no p ow ers  o f  d i f f u s i o n  and when i n j e c t e d  i n t r a v e n o u s l y  

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

a r e  rem oved from  t h e  c i r c u l a t i n g  b lo o d  and a r e  s t o r e d  w i t h i n  

t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  w h ich  form  t h e  l i n i n g  o f  t h e  

b lo o d  c h a n n e l s  o f  t h e  l i v e r ,  s p l e e n ,  b on e-m arrow , and t o  a 

l e s s  e x t e n t  o f  t h e  s u p r a r e n a l  and p i t u i t a r y  g l a n d s .  S in c e  t h e  

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

i s  no d e p o s i t i o n  i n  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  o f  ly m p h a t ic  

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

c o n n e c t i v e  t i s s u e s  o f  t h e  b o d y . T h is  d i f f e r e n c e  b e tw e en  th e  

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

m e c h a n ic a l  o n e ,  due t o  t h e  s e p a r a t i o n  o f  t h e  fo rm er  from  t h e  

c e l l s  o f  ly m p h a t ic  g la n d s  and s u b c u t a n e o u s  t i s s u e  bj  ̂ t h e  e n d o 

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

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

i n  a  manner s i m i l a r  t o  s o l u b l e  d y e s ,  and a  c e r t a i n  amount o f  

a b s o r p t i o n  o c c u r s  a l o n g  t h e  ly m p h a t ic s  t h u s  l e a d i n g  t o  accumu

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

t h e  lymph g la n d  d r a i n i n g  t h e  i n j e c t e d  a r e a .  For t h i s  r e a s o n  

e x t r a v a s a t i o n /



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

d u r in g  i n t r a v e n o u s  i n j e c t i o n  m ust he a v o i d e d .  T here  a r e ,  how

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

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

l a t e  n a t u r e .  T h is  i s  s e e n  e s p e c i a l l y  i n  t h e  s p l e e n ,  w h ich  i s  

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

d y e s ,  b u t  w h ich  f i l t e r s  o u t  p a r t i c u l a t e  m a t te r  w i t h  g r e a t  

r a p i d i t y  and r e t a i n s  i t  f o r  l o n g  p e r i o d s .  The k i d n e y s ,  w h ich  

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

i o n s  o f  dye  i n  t h e  u r i n e ,  a r e  u n a f f e c t e d  i n  t h i s  manner by  

s u s p e n s o i d s ,  b u t  I  h a v e  o b s e r v e d  t h a t  t h e r e  i s  a  much g r e a t e r  

d e p o s i t i o n  o f  i n d i a  in k ,  s u g a r  o f  i r o n ,  and o t h e r  s u s p e n s o i d s  

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

th a n  I  h ave  e v e r  o b s e r v e d  w i t h  s o l u b l e  d y e s .

A f t e r  in t r a v e n o u s  i n j e c t i o n s  o f  i n d i a  in k  t h e  l i v e r ,  

s p l e e n  and bone-m arrow  a r e  a lm o s t  j e t  b l a c k  i n  c o l o u r ,  b u t  i n  

t h e  v a r i o u s  a n im a l s p e c i e s  i n v e s t i g a t e d  no o t h e r  o rg a n  shows  

an y  perm anent or c o n s i s t e n t  e v id e n c e  o f  in k  r e t e n t i o n .  In  

some a n im a ls  t h e  lu n g s  a r e  g r e y  or e v e n  b l a c k ,  e s p e c i a l l y  

when exam in ed  s o o n  a f t e r  i n j e c t i o n ,  and t h e  k i d n e y s ,  su p r a -  

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

b u t i o n  o f  i n d i a  in k  i n  t h e  marrow c o r r e s p o n d s  t o  t h e  more 

c e l l u l a r  z o n e s ,  and t h i s  method h a s  b een  u s e d  b y  W i s l o c k i  (1 9 2 1 )  

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

a n im a l s .  A f t e r  b l e a c h i n g  and c l e a r i n g  o f  t h e  b o n es  by  

S p a l t e h o l z 1s /



7 4 .

S p a l t e h o l z ' s  m ethod ( 1 9 1 4 ) ,  t h e  i n k - s t o r i n g  c e l l u l a r  marrow  

s t a n d s  o u t  w i t h  g r e a t  d i s t i n c t n e s s .

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

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

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

c e l l u l a r  g r a n u l e s  i s  a n a lo g o u s  t o  what o c c u r s  w i t h  t h e  s o l u b l e  

d y e s ;  t h e  m in u te  p a r t i c l e s  o f  t h e  s u s p e n s o i d  seem  t o  a d h ere  

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

a p p e a r s  a s  i f  s t i p p l e d ,  b u t  w i t h i n  a  fe w  m in u t e s  s m a l l  g r a n u le s  

w h ich  must c o n s i s t  o f  a  l a r g e  number o f  t h e  o r i g i n a l  m in u te  

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

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

s i z e  and i n  o p a c i t y  and f i n a l l y  t h e  m o rp h o lo g y  o f  t h e  v i t a l  

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

t h e  a c i d  d i s - a z o  d y e s .

, I t  m ust be e m p h a s iz e d ,  h o w e v e r ,  t h a t  t h e  f o r m a t io n  

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

p e n s o id s  th a n  w i t h  s o l u b l e  v i t a l  s t a i n s .  W hereas th e  l a t t e r  

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

fo rm er  ap p ear  t o  g a i n  e n t r a n c e  t o  t h e  c y t o p la s m  w i t h i n  a  few  

m in u t e s .  F u r t h e r  i t  i s  n o t e w o r th y  t h a t  i n t r a c e l l u l a r  s t o r a g e  

o f  i n d i a  in k  o c c u r s  much more r a p i d l y  i n  t h e  K u p ffe r  c e l l s  

a f t e r  in t r a v e n o u s  i n j e c t i o n  t h a n  i n  t h e  h i s t i o c y t e s  a f t e r  

s u b c u t a n e o u s /



s u b c u t a n e o u s  i n j e c t i o n :  a s  we h ave  a l r e a d y  s t a t e d ,  v i t a l l y

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

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

and f u r t h e r  e x a m p le s  o f  t h i s  w i l l  be  d e a l t  w i t h  l a t e r .



SUMMARY AND CONCLUSIONS.

A n im a ls  may be s t a i n e d  i n t r a v i t a m  b y  t h e  a d m in i s 

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

o f  p a r t i c u l a t e  n a t u r e .  The term  v i t a l  s t a i n i n g  i s  j u s t i f i e d  

i n  so  f a r  a s  i t  i s  n o t  p o s s i b l e  t o  o b t a i n  s i m i l a r  r e s u l t s  

w it h  dead or f i x e d  t i s s u e s .  A dye i s  s a i d  t o  be s u i t a b l e  

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

g e n e r a l i s e d  s t a i n i n g  o f  t h e  a n i m a l ' s  t i s s u e s  t o g e t h e r  w i t h  

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

s t a i n e d  a n im a ls  s u f f e r  no s e r i o u s  i l l  e f f e c t s ,  and b eh ave  

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

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

n ak ed  e y e  e x a m in a t io n ,  b u t  t r a c e s  o f  t h e  dye p r e v i o u s l y  

a d m in i s t e r e d  may be fo u n d  on m i c r o s c o p i c  e x a m in a t io n  o f  t h e  

t i s s u e s .

V i t a l  s t a i n i n g  may be a c c o m p l i s h e d  by many d y e s  o f  

w i d e l y  d i f f e r e n t  c h e m ic a l  c o n s t i t u t i o n ,  and a s  y e t  no g e n e r a l  

law  ca n  be f o r m u la t e d  c o r r e l a t i n g  c h e m ic a l  c o n s t i t u t i o n  and  

p h y s i o l o g i c a l  a c t i o n .  I t  i s  b e l i e v e d ,  h o w ev er , t h a t  t h e  

c h e m ic a l  s t r u c t u r e  o f  t h e  dye m o le c u le  p l a y s  an im p o r ta n t  

p a r t  i n  d e t e r m in in g  i t s  e f f e c t i v e n e s s  a s  a  v i t a l  s t a i n ;  but  

t h i s  p r o p e r t y  may n o t  be d e m o n s tr a b le  u n l e s s  t h e  p h y s i c a l  

c h a r a c t e r  o f  t h e  s o l u t i o n ,  e . g . ,  i t s  c a p a c i t y  f o r  m ix in g  w i t h  

t h e /



t h e  t i s s u e  f l u i d s ,  i s  su c h  a s  t o  p e r m it  t h e  dye t o  e x e r c i s e  

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

by a p p r o p r ia t e  m eans, e . g . ,  by s u l p h o n a t i o n ,  b u t  t h e  p o s i t i o n  

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

im p o r ta n t  i n f l u e n c e  b o th  on t h e  c a p a c i t y  o f  t h e  dye f o r  v i t a l  

s t a i n i n g  and on i t s  t o x i c i t y .

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

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

phenylrnethane d y e s  a r e  a l s o  em p lo y ed , e . g . ,  i s a m in e  b l u e .  Such  

d y e s  v a r y  c o n s i d e r a b l y  i n  t h e  r a p i d i t y  w i t h  w h ich  t h e y  p r o d u ce  

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

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

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

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

i n e r t  f i n e l y  d i v i d e d  p a r t i c u l a t e  s u b s t a n c e s ,  e . g . ,  i n d i a  in k  

or s a c c h a r a t e d  o x id e  o f  i r o n .

V i t a l  s t a i n i n g  w i t h  a c i d  d i s - a z o  d y e s  i s  t o  be d i s 

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

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

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

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

b y  ja n u s  g r e e n .

B oth  i n t r a - v i t a m  and s u p r a v i t a l  s t a i n i n g  o f  c e l l s  

( a p a r t  from  m it o c h o n d r ia )  a r e  due t o  th e  c o n c e n t r a t i o n  o f  t h e  
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dye w i t h i n  c e r t a i n  v a c u o l e s  and g r a n u l e s  i n  t h e  c y t o p l a s m  -  

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

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

a c c u m u la t io n  and s e g r e g a t i o n  o f  dye  s u b s t a n c e  w i t h i n  t h e  c y t o 

p la sm . The dye i s ,  h o w e v e r ,  bound i n  some way w i t h i n  t h e  

c e l l s ,  and t h e  g r a n u l e s  c a n n o t  be r e g a r d e d  a s  s im p le  a g g r e 

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

The c a p a c i t y  f o r  s t o r i n g  t h e  a c i d  d i s - a z o  d y e s  w h ic h  

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

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

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

t h e  s u b c u t a n e o u s  a r e o l a r  t i s s u e  h a s  b een  c o n s i d e r e d  i n  d e t a i l ;  

t h e  d i s t r i b u t i o n  o f  t h e s e  c e l l s  th r o u g h o u t  t h e  a n im a l  body  and  

t h e i r  v a r i a t i o n  tinder  d i f f e r e n t  c o n d i t i o n s  and i n  d i f f e r e n t  

s p e c i e s  w i l l  be d e s c r i b e d  l a t e r .

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

s t a i n i n g  c e l l s  f a l l  i n t o  two m ain  g r o u p s ,  ( a )  t h e  h i s t i o c y t e s ,  

w h ich  e x h i b i t  t h i s  p r o p e r t y  i n  marked d e g r e e ,  and ( b) th e  

f i b r o c y t e s ,  i n  w h ic h  i t  i s  much l e s s  h i g h l y  d e v e l o p e d .  W hile  

t y p i c a l  ex a m p le s  o f  t h e s e  c e l l s  ca n  be r e a d i l y  d i s t i n g u i s h e d ,  

numerous i n t e r m e d i a t e  c e l l  form s a r e  e n c o u n t e r e d  w h ich  c a n n o t  

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

s u p r a - v i t a l  s t a i n i n g .  Some e v i d e n c e  h a s  b e e n  p r e s e n t e d  t o  

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

f a s t /



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

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

c e l l s  a t  t h e  t i m e  o f  e x a m i n a t i o n ,  w h ic h  may be  m o d i f i e d  u n d er  

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

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

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

may f a i l  t o  t a k e  up more t h a n  a  t r a c e  o f  t h e  v i t a l  s t a i n .  I t  

i s  b e l i e v e d  t h a t  s u c h  c e l l s  may be i n  a  r e s t i n g  p h a s e  o r  more  

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

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

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

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

c e l l s  o f  " p o l y b l a s t " t y p e .  T h ese  p r i m i t i v e  c e l l s  a r e  a t  f i r s t  

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

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

i n d i s t i n g u i s h a b l e  from  t h e  p r e v i o u s l y  f u l l y  fo rm ed  h i s t i o c y t e s .  

These  p o i n t s  w i l l  be c o n s i d e r e d  more f u l l y  i n  a  l a t e r  communi

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

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

by w r i t e r s  who have  a p p l i e d  i n t r a - v i t a m  s t a i n i n g  t o  t h e  p r o b le m s  

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

b l o o d  and o r g a n s .

i n t r a v i t a m  s t a i n i n g ,  
s u p r a v i t a l  s t a i n i n g ,  
i n t r a v i t a m  s t a i n i n g ,  
s u p r a v i t a l  s t a i n i n g .

B lood P la sm a .

E r y th r o c y te s  : (a
(b

L e u c o c y te s  : ( a
Ib

L iv e r .

S p le e n .

Bone Marrow.

Lym phatic  G la n d s .

Omentum and M e s e n t e r i e s .  

S u p r a re n a l  G lan d s .

P i t u i t a r y  G land .

T h y ro id  and  P a r a t h y r o i d  G la n d s .  

T e s t e s .

O v a r ie s .

U te ru s .

P a n c re a s  and  S a l i v a r y  G la n d s .  

K idneys .

A l im e n ta ry  System .

M uscu lar  T i s s u e s .

B ones.

Nervous System .

D is c u s s io n  and Summary,
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The g e n e r a l  p r i n c i p l e s  o f  i n t r a - v i t a m  s t a i n i n g  h a v e  b e e n  

d e f i n e d  ( p .  1  (o  ) ,  and t h e  m e th o d s  b y  w h ic h  i t  may be  a c c o m p l i s h e d  

h a v e  b e e n  d e s c r i b e d .  A t t e n t i o n  was drawn t o  t h e  d i f f e r e n t  

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

( a )  r a p i d l y  a b s o r b e d  d y e s ,  e . g .  t r y p a n  b l u e ,  v i t a l  new r e d ,  

l i t h i u m  c a rm in e ;  ( b )  s l o w l y  a b s o r b e d  d y e s ,  e . g .  i s a m i n e  b l u e ,  

d ia m in e  f a s t  s c a r l e t ;  ( c )  i n s o l u b l e  s u s p e n s o i d  p r e p a r a t i o n s ,  

e . g .  i n d i a  i n k ,  s a c c h a r a t e d  o x i d e  o f  i r o n .

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

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

i s  drawn t o  v a r i a t i o n s  w h ic h  e x i s t  b e t w e e n  t h e  o r g a n s  o f  

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

s t a i n i n g  a g e n t s .  In  c o n n e c t i o n  w i t h  e a c h  o r g a n ,  u n l e s s  

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

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

d i f f u s i b l e  dye such  a s  t r y p a n  b l u e .  Any d i f f e r e n c e s  

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

th en  m e n t i o n e d .  In  g e n e r a l  i t  may be  s a i d  t n a t  t h e  c e l l s  

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

A s a h o f f  and Landau.  T h e i r  scheme and t h e  r e l a t i o n  o f  

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

( s e e  p .  172 ) .
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BLOOD PLASMA.

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

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

T h is  m ethod was o r i g i n a t e d  b y  K e i t h ,  R ow ntree  and  G e r a g h t y  

( 1 9 1 5 ) ,  who i n j e c t e d  v i t a l  r ed  i n t o  t h e  b l o o d  s t r e a m  and  

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

o f  t h e  d y e .  D a w so n ,  E v a n s  and  W h ip p le  ( 1 9 2 0 )  i n v e s t i g a t e d  

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

i n  r e l a t i o n  to  t h e i r  r a t e  and mode o f  e l i m i n a t i o n .  W ith  

r e f e r e n c e  to  t h e  u s e  o f  d y e s  f o r  t h i s  p u r p o se  i t  i s  

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

th e  i n j e c t e d  dye  h a s  b e e n  r e c o r d e d  b y  m o s t  o b s e r v e r s .  Jj'or 

t h i s  r e a s o n  e s t i m a t i o n s  o f  b l o o d  vo lum e made b y  t h i s  method  

d i f f e r  from  t h o s e  o t h e r w i s e  o b t a i n e d ,  e . g .  b y  t h e  u s e  o f  

Carbon m o n o x id e .  The f a c t  t h a t  th e  d y e s  e m p l o y e d ,  e . g .  

b r i l l i a n t  v i t a l  r e d  ( C . I . N o . 4 5 6 )  a c t  a s  v i t a l  s t a i n s  

( S m i t h ,  1 9 2 5 )  a f f o r d s  an e x p l a n a t i o n  ( s e e  b e l o w ) .

In  th e  p r e s e n t  s e r i e s  o f  e x p e r i m e n t s  t h i s  a s p e c t  o f  

t h e  use  o f  v i t a l  d y e s  h a s  n o t  b e e n  s t u d i e d .  S e v e r a l  f a c t s  

h a v e ,  hov/ever ,  b een  o b s e r v e d  w h ich  h ave  an i m p o r t a n t  b e a r i n g  

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

b y  v i t a l  s t a i n i n g .  A c c o r d i n g  t o  i 'ermar ( 1 9 2 0 ) ,  a f t e r  

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

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

plasm a f o r  o n l y  a  f e w  h o u r s  and i s  so o n  removed b y  t h e  

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

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

My own o b s e r v a t i o n s ,  h o w e v e r ,  shew t h a t  a f t e r  a d m i n i s t r a t i o n  

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

b l o o d  p la sm a  r em a in s  d e e p l y  c o l o u r e d  f o r  s e v e r a l  days*

F u r t h e r ,  t h e  b l o o d  p lasm a  c o n t i n u e s  to  shew t r a c e s  o f  t h e  

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

T h is  h a s  b e e n  t e s t e d  b y  w i t h d r a w i n g  a t  v a r y i n g  i n t e r v a l s  th e  

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

c e n t r i f u g i n g  t h e  m i x t u r e .  I n  t h i s  way t h e  b l o o d  p lasm a  

has  b een  f o u n d  to  be a p p r e c i a b l y  t i n t e d  w i t h  t h e  dye  e v e n  up 

to s e v e r a l  w eeks  a f t e r  t h e  l a s t  o f  a  s e r i e s  o f  i n j e c t i o n s .

So l o n g  a s  dye i s  p r e s e n t  i n  any  c o n s i d e r a b l e  c o n c e n t r a t i o n  

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

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

im p o r ta n c e  i n  v i e w  o f  t h e  o p i n i o n  e x p r e s s e d  e a r l i e r  t h a t  

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

a c t i v i t y  o f  t h e  c e l l  a t  t h e  t im e  o f  e x a m i n a t i o n .  I t  f o l l o w s  

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

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

to  a l l o w  su ch  an i n t e r v a l  to  e l a p s e  b e t w e e n  th e  l a s t  

a d m i n i s t r a t i o n  o f  dye  and th e  commencement o f  t h e  e x p e r i m e n t  

a s  w i l l  e n s u r e  t h a t  o n l y  a  n e g l i g i b l e  amount o f  dye i s  

p r e s e n t  i n  t h e  b l o o d  p l a s m a ,  o t h e r w i s e  v i t a l  s t a i n i n g  may  

a p p ea r  i n  p r e v i o u s l y  u n s t a i n e d  c e l l s  w h ic h  nave e m i g r a t e d  

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

s t i m u l u s . /
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s t i m u l u s .  The r e l a t i o n s h i p  b e t w e e n  t h e  dye  c o n t e n t  o f  t h e  

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

im p o r ta n c e  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  o f  t h e  

a p p l i c a t i o n  o f  v i t a l  s t a i n i n g  to  p a t h o l o g i c a l  h i s t o l o g y .

As a  r e s u l t  o f  e x a m i n a t i o n  o f  t h e  s u p e r n a t a n t  p la s m a  

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

number o f  a n i m a l s  t h e  f o l l o w i n g  c o n c l u s i o n s  h ave  b e e n  drawn.  

I m m e d ia t e ly  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  s o l u t i o n s  o f  

d y e s  o f  group ( a )  r a p i d  d i l u t i o n  o c c u r s  i n  t h e  b l o o d  p lasm a  

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

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

th e  f i r s t  h o u r  ow in g  to  t h e  p a s s a g e  o f  t h e  dye i n t o  t h e  

t i s s u e  f l u i d s  and lym p h ,  and ow ing  t o  d i f f u s e  s t a i n i n g  o f  

c e r t a i n  e l e m e n t s  s u c h  a s  e l a s t i c  t i s s u e  and a l s o  by r e a s o n  

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

soon  a f t e r w a r d s  b u t  t h e  r a p i d i t y  and r o u t e  o f  e x c r e t i o n  

depend on t h e  n a t u r e  o f  t h e  d y e ,  t h o s e  o f  g r o u p  ( a )  b e i n g  

, e x c r e t e d  c h i e f l y  i n  t h e  u r i n e  and o n l y  s l i g h t l y  in  th e  

f a e c e s ,  w h i l s  t h o s e  o f  g ro u p  (b )  a r e  e x c r e t e d  c h i e f l y  

by th e  l a t t e r  r o u t e ,  t h e  u r in e  b ecom ing  o n l y  f a i n t l y  

c o l o u r e d  ( s e e  pp. 55-57 ) .  D u r in g  t h e  n e x t  2 4 - 4 8  h o u r s  

th e  maximum c o n c e n t r a t i o n  o f  dye  w i t h i n  t h e  c e l l s  i s  g r a d u a l l y  

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

d i f f u s i b l e  and q u i c k l y  s t a i n i n g  d y e s  o f  group ( a )  th a n  w i t h  

t h o s e  o f  group ( b ) .  A f t e r  s u b c u t a n e o u s  o 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 ,  t h e  maximum c o n c e n t r a t i o n  i n  t h e  b l o o d  i s  r e a c h e d

m o r p /
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more B lo w ly  and i s  n o t  a s  g r e a t  a 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  a  s i m i l a r  d o s e ,  s i n c e  much o f  t h e  d y e  i s  

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

e s t a b l i s h  a  d e p o t ,  a  more s t e a d y  c o n c e n t r a t i o n  o f  dye  in  

t h e  p la sm a  o v e r  a  more p r o l o n g e d  p e r i o d  i s  t h u s  s e c u r e d .

T h is  i s  o f  g r e a t  im p o r t a n c e  i n  e x p e r i m e n t a l  work when i t  

i s  d e s i r e d  to  s e c u r e  v i t a l  s t a i n i n g  o f  th e  r e a c t i n g  c e l l s  

i n  in f la m m a t o r y  l e s i o n s .

A f u r t h e r  s t a g e  i s  soon  r e a c h e d  when t h e  amount o f  

dye in  t h e  p lasm a  and t i s s u e  f l u i d s  becom es  l o w e r e d  ow ing  

to  e x c r e t i o n ;  t h e n  t h e  v i t a l l y  s t a i n e d  c e l l s  s l o w l y  g i v e  

up t h e i r  c o n t e n t  o f  dye  to  t h e  t i s s u e  f l u i d s  and p lasm a  

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

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

b l u e  and v i t a l  new r e d ,  g i v e  r i s e  to  s m a l l  i n t e n s e l y  c o l o u r e d  

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

d e c o l o u r i s a t i o n ;  t h e s e  h ave  b e e n  i n t e r p r e t e d  b y  Schulemann  

(1 9 1 7 )  and b y  E vans  and S c o t t  ( 1 9 2 1 )  a s  a c t u a l  d y e  c r y s t a l s  

( s e e  p .  68 )•

oOo
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BLOOD.

E r y t h r o c y t e s .

I n t r a - v i t a m  s t a i n i n g . The r e d  c o r p u s c l e s  o f  th e  

b l o o d  show no a l t e r a t i o n  beyond b e c o m in g  f a i n t l y  and  

d i f f u s e l y  t i n g e d  w i t h  dye when t h e r e  i s  a  l a r g e  amount o f  

the  v i t a l  s t a i n  c i r c u l a t i n g  i n  t h e  p l a s m a .  T h i s  i s  

n a t u r a l l y  more marked w i t h  v i t a l  s t a i n s  o f  g ro u p  ( a )  th a n  

w i t h  t h o s e  o f  g ro u p  ( b ) .  T h i s  d i f f u s e  s t a i n i n g  i s  b e s t  

s e e n  b y  e x a m in in g  a  drop  o f  f r e s h  b l o o d  and d o e s  n o t  show 

i n  d r i e d  and s t a i n e d  f i l m s .  - I t  i s  a l s o  s e e n  in  s e c t i o n s  

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

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

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

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

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

young n o n - n u c l e a t e d  r ed  c e l l s  o r  "r e t i c u l o c y t e s * * . For  

t h i s  p u rp o se  b r i l l i a n t  c r e s y l  b l u e ,  f i r s t  u sed  b y  C e s a r i s -  

Demel ( 1 9 0 6 ) ,  i s  now e x t e n s i v e l y  em ployed  i n  c l i n i c a l  work.  

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

m ix i n g  t h e  b l o o d  w i t h  i s o t o n i c  s a l i n e  c o n t a i n i n g  t h e  dye in  

a s t r e n g t h  o f  1 - 1 0 0 0  o r  m o r e ,  b u t  t h e  m o s t  s a t i s f a c t o r y  

method i s  to  add a  s m a l l  drop  o f  f r e s h  b l o o d  to  a  s l i d e  

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

d e s c r i b e d  ( s e e  p .  37 ) .  I s r a e l  & Pappenheim ( 1 8 9 6 )  u s i n g

n e u t r a l  red were th e  f i r s t  to  d e s c r i b e  i n  r ed  c e l l s  s m a l l  

" v i t a l l y  s t a i n i n g ” g r a n u l e s  w h ic h  t h e y  i d e n t i f i e d  a t  t h a t  

A j m n  ( ___________ __________________________________________________________________
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t im e  w i t h  b a s o p h i l i c  p u n c t a t i o n .  H o r s e l e y  ( 1 8 9 7 )  t h e n  

u sed  m e t h y l e n e  b l u e  f o r  t h e  p u r p o s e .  C e s a r i a - D e m e l  (I90ty)  

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

c r e s y l  b l u e  p ro d u ce d  more r a p i d  and i n t e n s e  s t a i n i n g  i n  

the  red  c e l l s  t h a n  a n y  o t h e r  d y e .  He o r i g i n a l l y  o b s e r v e d  

w hat  a r e  now known a s  "r e t i c u l o c y t e s " and d e s c r i b e d  in  

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

t h a t  r e t i c u l o c y t e s  were  young r ed  c e l l s .  I t  i s  u n n e c e s s a r y  

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

w h ic h  have  b e e n  o b s e r v e d  in  r ed  c e l l s ,  f o r  a  f u l l  d i s c u s s i o n  

o f  w h ich  t h e  p a p e r s  o f  C e s a r i a - D e m e l ,  F e r r a t a  and Pappenheim  

(1 9 0 7 )  s h o u l d  be  c o n s u l t e d .

In  t h e  p r e s e n t  work a t t e n t i o n  h a s  b e e n  p a i d  c h i e f l y  

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

b l u e ,  n e u t r a l  r ed  and j a n u s  g r e e n .  In  p e r i p h e r a l  b l o o d  

o f  th e  norm al  human a d u l t  r e t i c u l o c y t e s  do n o t  amount to  

more t h a n  1 p e r  c e n t ,  o f  t h e  r ed  c e l l s  th o u g h  i n  v a r i o u s  

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

i n c r e a s e d .  I n  m i c e  t h e  p r o p o r t i o n  i s  somewhat h i g h e r ,  

o f t e n  ab ou t  5 p e r  c e n t ,  a l t h o u g h  i n  some a n i m a l s  e v e n  more 

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

c y t e s  i s  much g r e a t e r  ( S e y f a r t h  & J u r g e n s ,  1 9 2 8 )  and i s  

commonly a s  h i g h  a s  50 p e r  c e n t ,  i n  m i c e .

The name r q . t £ c n l » c y t e  i s  a p p l i e d  t o  red  c o r p u s c l e s
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w h ic h  on s u p r a v i t a l  s t a i n i n g  e x h i b i t  w h a t  a p p e a r s  to  be  an 

i n t e n s e l y  s t a i n e d  i n t r a c o r p u s c u l a r  s k e i n  o r  r e t i c u l u m . ( f i g s .  14-16) 

Such c o r p u s c l e s  a r e  b e s t  s t u d i e d  i n  a n i m a l s  i n  w h ic h  an a em ia  

h a s  b e e n  p ro d u ce d  e i t h e r  b y  s im p le  b l e e d i n g  o r ,  b e t t e r ,  

by  t h e  use  o f  a  h a e m o l y t i c  s erum , a s  i n  t h e s e  a  h i g h  

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

They a r e  f r e q u e n t l y  somewhat l a r g e r  t h a n  norm al  r ed  c e l l s  and  

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

a r e  n o t  i n v a r i a b l y  r e t i c u l o c y t e s .  The r e t i c u l i m i  may o c c u p y  

t h e  c e n t r e  o f  t h e  c o r p u s c l e  o r  may be  a t  one s i d e .  O c c a s i o n a l l y  

we have s e e n  t h e  r e t i c u l u m  i n  p r o c e s s  o f  e x t r u s i o n  from  t h e  

c o r p u s c l e s  and f r e e  r e t i c u l a  may be fo u n d  when s u c h  c e l l s  a r e  

abundant i n  t h e  b l o o d .  I n  some c e l l s  a  c o m p l i c a t e d  n e tw o r k  

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

t h r e a d - l i k e  b o d i e s  o r  c o a r s e  g r a n u l e s  may be  f o u n d .  The 

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

ground i l l u m i n a t i o n ,  b u t  i t  becomes  more d i s t i n c t  b y  t h i s  

method a f t e r  s t a i n i n g  w i t h  b r i l l i a n t  c r e s y l  b l u e .  The 

r e t i c u l i a n  c a n n o t  u s u a l l y  be  d e m o n s t r a t e d  i n  d r i e d  sm ears  

s t a i n e d  b y  a n y  o f  t h e  Romanowsky m e t h o d s ,  b u t  we have  

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

o f  an u n s t a i n e d  n e tw o rk  c o u l d  be s e e n  a s  a  p a l e r  s t r u c t u r e  

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

h o w e v e r ,  t h i s  r a r e l y  c o r r e s p o n d s  to  t h e  r e t i c u l u m  shown by  

t h e  s u p r a v i t a l  m eth od .  I f  th e  r e t i c u l u m  be f i r s t  s t a i n e d  

w i t h  b r i l l i a n t  c r e s y l  b l u e ,  and t h e  f i l m  be  th en  a l l o w e d  

t o /
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t o  d r y  t h e  r e t i c u l o c y t e s  remain  c l e a r l y  s t a i n e d  a f t e r  

s u b s e q u e n t  t r e a t m e n t  w i t h  s t a i n s  s u c h  a s  L e i s h m a n ’ s .  On 

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

s t a t e  b y  o sm ic  a c i d  o r  f o r m a l d e h y d e  l e a d s  to  c o m p l e t e  

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

b r i l l i a n t  c r e s y l  b l u e .

I n  n e u t r a l  r e d - j a n u s  g r e e n  p r e p a r a t i o n s  t h e r e  i s  

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

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

th e  r e t i e u l i m  may become s t a i n e d  w i t h  j a n u s  g r e e n  some t im e  

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

w h it e  c o r p u s c l e s .  With h i g h e r  c o n c e n t r a t i o n s  s t a i n i n g  

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

a r e  c a p a b l e  o f  sh ow in g  .up t h e  s k e i n - l i k e  s t r u c t u r e .  When 

s t a i n e d  w i t h  j a n u s  g r e e n  i t  a p p e a r s  c o a r s e r  than  w i t h  

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

sm al l  g r a n u l a r  c o c c u s - l i k e  b o d i e s  have  b e e n  o b s e r v e d  to  

s t a i n  w i t h  j a n u s  g r e e n ;  t h e s e  a r e  s i m i l a r  to  th e  s t r u c t u r e s  

f i g u r e d  b y  Cunningham, Doan and S a b in  ( 1 9 2 5 )  a s  m i t o c h o n d r i a  

in  e r y t h r o c y t e s :  Key ( 1 9 2 1 ) ,  h o w e v e r ,  d e n i e s  t h a t  m i t o 

c h o n d r i a  a r e  e v e r  fou nd  i n  n o n - n u c l e a t e d  e r y t h r o c y t e s ,  and i t  

can be  s t a t e d  t h a t  s u c h  g r a n u l a r  b o d i e s  may a p p e a r  to  

become j o i n e d  b y  t h r e a d - l i k e  s t r u c t u r e s  a s  th e  s t a i n i n g  

p r o g r e s s e s .  Key ( 1 9 2 1 )  h a s  s t u d i e d  t h e  n a t u r e  o f  th e  

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

a s /
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a s  shewn b y  v a r i o u s  b a s i c  d y e s .  He c o n c l u d e s  t h a t  th e  

s k e i n - l i k e  s t r u c t u r e  i s  due to  a  p r e c i p i t a t i o n  o f  t h e  

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

d y e .  W h i le  t h i s  i s  p o s s i b l e  i t  c a n n o t  y e t  be r e g a r d e d  

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

B ubstance  i s  a t  p r e s e n t  unknown.

0 O 0
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L e u c o c y t e s .

I n t r a - v i t a m  s t a i n i n g . I n  a  mouse  d e e p l y  s t a i n e d  by  

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

no c o n s t a n t  c h a n g e s  , e i t h e r  q u a n t i t a t i v e  o r  q u a l i t a t i v e ,  

a t  a n y  s t a g e  w h ic h  ca n  be a t t r i b u t e d  to  t h e  s t a i n i n g .  

E x a m i n a t i o n  o f  a  l a r g e  number o f  f r e s h  and s t a i n e d  f i l m s  

f a i l s  to  r e v e a l  a n y  v i t a l l y  s t a i n e d  c e l l s  i n  t h e  p e r i p h e r a l  

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

one  can g e n e r a l l y  f i n d  s c a n t y  m o n o n u c le a r  l e u c o c y t e s  w h ich  

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

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

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

b lo o d  p i g m e n t .  T hese  v i t a l l y  s t a i n e d  c e l l s  can be fo u n d  

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

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

o f  t h e  p o r t a l  v e i n ,  in  t h e  s i n u s o i d s  o f  t h e  l i v e r  and in  

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

in  th e  s i n u s o i d s  o f  t h e  bone marrow b u t  a r e  l e s s  numerous  

t h e r e .  They can be fo u n d  a l s o  i n  t h e  r i g h t  s i d e  o f  t h e  

h e a r t ,  and i n  t h e  pu lm onary  a r t e r y  and c a p i l l a r i e s .  M ost  

a u t h o r s  (K iyono  1 9 1 4 )  a g r e e  t h a t  t h e y  a r e  a l m o s t  e n t i r e l y  

a b s e n t  from  t h e  l e f t  s i d e  o f  t h e  h e a r t  and from t h e  p e r i p h e r a l  

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

from t h e  c i r c u l a t i o n  b y  t h e  l u n g s .  M asug i  ( 1 9 2 7 )  s t a t e s  

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

e x p l a i n s  S i m p s o n ' s  ( 1 9 2 2 )  o b s e r v a t i o n  o f  "showers" o f  

m a c r o p h a g e s /
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m a c r o p h a g e s  i n  b l o o d  from  t h e  r i g h t  v e n t r i c l e  a s  due to  

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

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

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

o r  o v a l  and o f  v a r y i n g  s i z e ,  b e i n g  g e n e r a l l y  1 5 - 2 0  i n  

d i a m e t e r  b u t  may be  e v e n  l a r g e r  than  t h i s .  The n u c l e u s  i s  

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

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

the i n g e s t e d  dye  p a r t i c l e s  u s u a l l y  a r e  a g g r e g a t e d  i n  t h e  c e n t r e  

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

c y t o p la s m .  In  some c e l l s  t h e r e  a r e  o n l y  one o r  two s m a l l  

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

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

h o w e v e r ,  t h e  c y t o p l a s m  may be so h e a v i l y  l o a d e d  w i t h  v i t a l l y  

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

c y t o p la s m  i s  no l o n g e r  d i s t i n g u i s h a b l e  ( f i g .  20 ) .  The n u c l e i

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

and a  d e f i n i t e  n u c l e a r  membrane, b u t  s t a i n  l e s s  d e e p l y  

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

w eakly  b a s o p h i l e ,  b u t . t h i s  i s  d i f f i c u l t  to  c o n f i r m  i n  b l o o d  

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

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

r e a c t i o n  to  th e  Romanowsky s t a i n s ;  i n t r a c e l l u l a r  g r a n u l e s  

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

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

t h e  w h o le  c y t o p l a s m  a  dark  b l u e  c o l o u r .  I t  i s  i m p o r t a n t ,  

m o r e o v e r ,  to  o b s e r v e  t h a t  no m a t t e r  how i n t e n s e  o r  p r o l o n g e d  

h a s  b e e n  t h e  v i t a l  s t a i n i n g ,  t h e  s t a i n e d  c e l l s  a r e  n e v e r  

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

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

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

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

a r e  q u i c k l y  t a k e n  up b y  t h e  l e u c o c y t e s  i n  t h e  b l o o d  s tr ea m  

and i t  i s  u s u a l  to  f i n d  t h a t  a  l a r g e  p r o p o r t i o n  o f  th e  

m o n o n u c le a r  c e l l s  c o n t a i n s  g r a n u l e s  o f  i n k .  I t  i s  a l s o  

q u i t e  common t o  f i n d  p o lym orp h  l e u c o c y t e s  w i t h  i n g e s t e d  

g r a n u l e s  o f  i n k , b u t  McJunkin  ( 1 9 1 9 )  s t a t e s  t h a t  t h i s  can be 

a v o i d e d  b y  t h e  a d d i t i o n  o f  a  s u i t a b l e  q u a n t i t y  o f  sodium  

c i t r a t e  t o  t h e  ca rb o n  s u s p e n s i o n .  The p r o p o r t i o n  o f  v i t a l l y  

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

s y s t e m ,  and i s  l o w e s t  in  t h e  p e r i p h e r a l  b l o o d .  Very so o n  

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

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

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

m o n o n u c le a r s  a r e  m ost  ab u nd an t  in  t h e  b l o o d  d u r i n g  th e  f i r s t  

24 h o u r s ,  and Nagao ( 1 9 2 0 )  s t a t e s  t h a t  t h e y  r e a c h  a  maximum 

a b o u t  12 h o u r s  a f t e r  i n j e c t i o n .  No e x a c t  s t u d y  o f  t h e  

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

p e r i p h e r a l  b l o o d  h a s  b een  made,  b u t  t h e y  h ave  b een  o b s e r v e d  

a t  p e r i o d s  r a n g i n g  from ■§• h o u r  t o  48  h o u rs  a f t e r  a  s i n g l e  

i n j e c t i o n / '
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i n j e c t i o n ,  and  p r o b a b l y  t h e y  a r e  m o s t  numerous in^ t h e  b l o o d  

b e t w e e n  5 and 12  h o u r s  a f t e r  t h e  i n j e c t i o n .  C a r b o n - c o n t a i n i n g  

l e u c o c y t e s ,  b o t h  p o ly m o rp h s  and m o n o n u c l e a r s ,  a r e  more  

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

l u n g s  b u t  a l s o  i n  t h e  l i v e r  and s p l e e n  and m ain  v e n o u s  c h a n n e l s ;  

t h i s  i s  e s p e c i a l l y  t h e  c a s e  a f t e r  a  l a r g e  i n j e c t i o n  o f  i n k .

( s e e  p.  112  ) .  T h e i r  d i s t r i b u t i o n  i s  i r r e g u l a r ,  e . g .  some

r a d i c a l s  o f  t h e  pu lm onary  o r  p o r t a l  v e i n  may show numerous  

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

t h i s  v a r i a t i o n  i s  e v e n  more p ro n o u n ced  in  t h e  i n t e r l o b u l a r  

v e i n s  and a l s o  in  t h e  main  b r a n c h e s  o f  t h e  h e p a t i c  v e i n s .

In some h e p a t i c  v e i n s  e v e r y  non-lymphocytac  c e l l  c o n t a i n s  

carbon g r a n u l e s ,  w h i l e  i n  o t h e r s  s u c h  c e l l s  a r e  much l e s s  

numerous.  T h i s  c o n d i t i o n  d o e s  n o t  p e r s i s t ,  h o w e v e r ,  and 

t h e r e  i s  l i t t l e  dou bt  t h a t  t h e  m a j o r i t y  o f  t h e s e  c e l l s  e i t h e r  

l i b e r a t e  t h e i r  p ig m en t  i n t o  t h e  c i r c u l a t i n g  b l o o d ,  whence i t  

i s  removed by t h e  a g e n c y  o f  t h e  l i v e r ,  s p l e e n ,  marrow,  e t c . ,  

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

From 24  h o u rs  up t o  many w eek s  one  may f i n d  in  t h e  b l o o d  o f  

i n t e r n a l  o r g a n s  o c c a s i o n a l  i n k - c o n t a i n i n g  m o n o n u c l e a r s ;  b u t  

t h e s e  c e l l s  a r e  l a r g e r  and show numerous c o a r s e  i n t e n s e l y  

b l a c k  g r a n u l e s  o f  v a r y i n g  s i z e  w h ich  may o b s c u r e  t h e  n u c l e u s  

( f i g *  22 ) •  T h e r e f o r e  i t  i s  u n l i k e l y  t h a t  t h e y  r e p r e s e n t

t h e  b l o o d  l e u c o c y t e s  w h ich  t o o k  up i n k  i n  th e  f i r s t  i n s t a n c e .  

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

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

I t  i s  im p o r t a n t  t o  o b s e r v e  t h a t  t h e  c a p a c i t y  t o  s t o r e

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

l e u c o c y t e s  and  t h e  n orm al  m o n o c y t e s  i n  c o n d i t i o n s  where  a  l a r g e  

amount o f  t h e  s u b s t a n c e  i s  s u d d e n l y  i n t r o d u c e d .  I t  seem s  t h a t  

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

from t h e  b l o o d  s t r e a m  and t h a t  when t h i s  i s  a c c o m p l i s h e d  t h e y  

a ccu m ula te  e s p e c i a l l y  i n  t h e  pu lm onary  c a p i l l a r i e s ,  and  t o  a  l e s s  

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

Such c e l l s  may be so numerous i n  t h e  pu lm onary  c a p i l l a r i e s  a s  

to  s u g g e s t  t h a t  t h e y  a r e  t e m p o r a r i l y  r e t a i n e d  in  some way i n  

t h i s  s i t u a t i o n .  L a t e r  t h e y  may p a s s  i n t o  t h e  a i r  s a c s  and so 

be l o s t  i n  t h e  sputum , o r  a l o n g  t h e  l y m p h a t i c s  to  a c c u m u l a t e  i n  

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

the m a j o r i t y  s u b s e q u e n t l y  p a s s  on i n  t h e  c i r c u l a t i o n  t o  be 

d e s t r o y e d  by t h e  s p l e e n .  A s i m i l a r  a c c u m u l a t i o n  o f  l e u c o c y t e s  ' 

in the  l u n g s  was n o t e d  b y  Andrewes ( 1 9 1 0 )  and W rig h t  ( 1 9 2 7 )  i n  

the c l e a r i n g  o f  t h e  b l o o d  s tr ea m  o f  o r g a n i s m s .  I t  i s  a l m o s t  

c e r t a i n  t h a t  t h i s  phenomenon i s  r e s p o n s i b l e  f o r  t h e  rem ark ab le  

c la im s  o f  O e l l e r  ( 1 9 2 3 , 1 9 2 5 , )  who t h o u g h t  t h a t  th e  e n d o t h e l i u m  

of th e  p u lm on ary  c a p i l l a r i e s  g a v e  r i s e  to  M onocytes  and  to  

g r a n u la r  l e u c o c y t e s .

F o o t  ( 1 9 2 0 )  f o r m e r l y  c o n s i d e r e d  t h e  i n k - c o n t a i n i n g  c e l l s

in  t h e  pulmonary c a p i l l a r i e s  a s  p h a g o c y t i c  i n t e r a l v e o l a r  c a p i l l a r y

e n d o t h e l iu m ;  b u t  he now r e g a r d s  them a s  m o n o c y t e s  f l a t t e n e d

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

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

_______________________________
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a c t i v i t y  o f  n o n - s p e c i a l i s e d  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 .

E l i o t  ( 1 9 2 6 )  h a s  r e c e n t l y  e x p r e s s e d  t h e  v i e w  t h a t  th e  

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

o r g a n s  a r e  m o n o c y t e s  w h ic h  have  s e t t l e d  in  t h e s e  s i t u a t i o n s  

fro m  t h e  c i r c u l a t i n g  b l o o d .  W h i le  t h i s  s t a t e m e n t  c a n n o t  

be a c c e p t e d  f o r  r e a s o n s  d i s c u s s e d  l a t e r  ( p .  106 ) t h e

p o s s i b i l i t y  m u st  be b o r n e  i n  mind in  c o n s i d e r i n g  th e  

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

s t a i n i n g .

When s a c c h a r a t e d  o x i d e  o f  i r o n  i s  i n j e c t e d  i n t r a v e n o u s l y ,  

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

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

l e u c o c y t e s  o f  e v e r y  k in d  g i v e  a  w e l l - m a r k e d  p r u s s i a n  

b l u e  r e a c t i o n  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  K u p f f e r  c e l l s  

( s e e  p .  114 ) .  The i r o n  r e a c t i o n  d i s a p p e a r s  f i r s t  from  

th e  p o ly m o rp h s  and l y m p h o c y t e s ,  b u t  p e r s i s t s  in  some o f  

th e  m o n o c y t e s  f o r  2 4 - 4 8  h o u r s ,  th o ug h  s u c h  c e l l s  a r e  t h e n  

much l e s s  numerous  th a n  e a r l i e r .  A f t e r  24 h o u r s  t h e  d i f f u s e  

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

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

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

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

a f t e r  i n d i a  i n k  and  th e  c e l l s  a p p ea r  t o  undergo t h e  s u b s e q u e n t  

ch a n g es  a l r e a d y  d e s d r i b e d .
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S u p r a v i t a l  S t a i n i n g . M ost  r e c e n t  s t u d i e s  on th e  

w h i t e  "blood c e l l s  have  i n c l u d e d  s u p r a v i t a l  s t a i n i n g  w i t h  

n e u t r a l  r ed  and j a n u s  g r e e n .  F o r  t h i s  p u r p o s e  t h e  d r y  dye  

f i l m  m ethod  ( s e e  p .  37 ) i s  e s p e c i a l l y  s u i t a b l e .  The

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

i n  a  f a i r l y  c h a r a c t e r i s t i c  manner and can be r e a d i l y  

d i s t i n g u i s h e d  from one a n o t h e r .  In  t h e  g r a n u l a r  c e l l  s e r i e s  

t h e  g r a n u l e s  o f  t h e  n e u t r o p h i l e  and e o s i n o p h i l e  po lym orp hs  

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

i n  m y e l o b l a s t s  and m y e l o c y t e s  g r a n u l a r  and r o d - l i k e  

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

a r e  r a t h e r  l a r g e r  than  t h e  immature s p e c i f i c  g r a n u l e s ,  b u t  

t h e y  become s m a l l e r  and l e s s  numerous a s  t h e  c e l l s  m a t u r e .

In  a g r e e m e n t  w i t h  S a b in  and h e r  c o - w o r k e r s  ( 1 9 2 4 )  I  have  

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

d i f f e r e n t i a t e d  p o ly m o r p h s .  I n  a d d i t i o n  t o  th e  s t a i n i n g  o f  

th e  s p e c i f i c  g r a n u l e s ,  n e u t r o p h i l e  po lym orphs  o c c a s i o n a l l y  

e x h i b i t  one  o r  two n e u t r a l  red  v a c u o l e s  o f  l a r g e r  s i z e ,  but  

t h e s e  a r e  n o t  i n v a r i a b l y  p r e s e n t  and no s u c h  v a c u o l e s  have  

b e e n  o b s e r v e d  in  e o s i n o p h i l e * .  M ost  w o r k e r s  a g r e e  t h a t  

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

s e r i e s  than  i n  o t h e r  l e u c o c y t e s  (Gov/dry 1 9 1 4 ) .  The 

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

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

plump r o d - l i k e  m i t o c h o n d r i a .  These  a r e  l a r g e r  and more  

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

i n /



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

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

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

t o  t h e  a z u r o p h i l e  g r a n u l a t i o n  o f  M i c h a e l i s  and W o l f f  ( 1 9 0 2 ) .

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

t r a n s i t i o n a l s )  h a v e  b e e n  i n v e s t i g a t e d  b y  many r e c e n t  w o r k e r s  

( S a b i n ,  Cunningham and D oan ,  1 9 2 5 ;  M a s u g i ,  1 9 2 7 ) .  T h ese  c e l l s  

t a k e  up t h e  s u p r a v i t a l  s t a i n  i n  a  f a i r l y  c h a r a c t e r i s t i c  

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

h e r  c o - w o r k e r s  s t a t e  t h a t  t h e  c h a r a c t e r i s t i c  f e a t u r e  o f  th e  

m o n o cy te  i s  t h e  a p p e a r a n c e  o f  s m a l l  g r a n u l e s  g ro u p ed  t o g e t h e r  

i n  t h e  fo rm  o f  a  r o s e t t e  a ro u n d  th e  c e n t r o s p h e r e  l y i n g  i n  

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

h ave  a  sa lm o n  p i n k  c o l o u r  q u i t e  d i s t i n c t  from  t h e  u s u a l  o r a n g e  

r ed  o f  t h e  s e g r e g a t i o n  a p p a r a t u s .  The m a j o r i t y  o f  th e  

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

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

o f  s u p r a v i t a l  s t a i n i n g  ca n  be r e a d i l y  f o u n d  i n  norm al  b l o o d ,  

t h e  m a j o r i t y  o f  t h e s e  c e l l s  i n  my e x p e r i e n c e  do n o t  e x h i b i t  

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

a l w a y s  form  a  r o s e t t e  b u t  may b e  s c a t t e r e d  t h r o u g h  t h e  c y t o p l a s m ,  

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

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

( f i g .  i  e ) .  M asugi  ( 1 9 2 7 )  a l s o  h a s  n o t e d  t h a t  t h e  c h a r a c t e r 

i s t i c  m o r p h o lo g y  d e s c r i b e d  b y  S a b i n  i s  n o t  a l w a y s  m a i n t a i n e d .
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The r e l a t i o n s h i p  o f  m o n o c y t e s  to  h i s t i o c y t e s  h a s  

been  much d i s c u s s e d .  As m e n t io n e d  i n  c o n n e c t i o n  w i t h  

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

i n  t h e  p e r i p h e r a l  b l o o d .  Though n o t  uncommon i n  t h e  

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

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

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

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

than m o n o c y t e s ,  b u t  c e l l s  o t h e r w i s e  c o r r e s p o n d i n g  t o  t y p i c a l
L'o

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

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

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

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

l a r g e  m o n o n u c le a r  c e l l s  a s  c o n t a i n  t h e  dye  g i v e  a l s o  t h e  

t y p i c a l  h i s t i o c y t i c  r e a c t i o n  on s u p r a - v i t a l  s t a i n i n g  w i t h  

n e u t r a l  red ;  i t  m u st  be  n o t e d ,  h o w e v e r ,  t h a t  t h e r e  a r e  p r e s e n t  

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

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

Thus i t  may be  c o n c l u d e d  t h a t  t h e  l a r g e  m o n o n u c le a r s  f a l l  

i n t o  two g r o u p s .  D i f f i c u l t i e s  a r i s e  i n  c o n n e c t i o h  w i t h  c e l l s  

w h ich  do n o t  e x h i b i t  a n y  c h a r a c t e r i s t i c  c y t o p l a s m i c  p a t t e r n ,  

and whose  n e u t r a l  r ed  g r a n u l e s  a r e  l a r g e r  and more i r r e g u l a r  

i n  s i z e  than  t h o s e  o f  t y p i c a l  m o n o c y t e s .  I t  i s  i m p o s s i b l e  to  

d e c i d e  w h e t h e r  s u c h  a c e l l  i s  t o  be c l a s s i f i e d  a s  a  m onocyte  

w i t h  u n u s u a l l y  l a r g e  g r a n u l e s  -  Hs t i m u l a t e d  m on ocyte*  o f  

Sab in  -  o r  a  s m a l l  h i s t i o c y t e .  As h a s  b een  s t a t e d  th e
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g r o u p i n g  and  c o l o u r  o f  t h e  g r a n u l e s  a r e  n o t  a  r e l i a b l e  

c r i t e r i o n  f o r  s e p a r a t i n g  t h o s e  c e l l s .  I t  i s  t h e r e f o r e  

d i f f i c u l t  to  u n d e r s t a n d  how many w r i t e r s  c o n c l u d e  t h a t  

h i s t i o c y t e s  and m o n o c y t e s  ca n  he  c l e a r l y  s e p a r a t e d  fro m  one  

a n o t h e r  i n  t h e  b l o o d  s t r e a m ,  w h i l e  e x p r e s s i n g  d o u b t  a s  to  th e  

p o s s i b i l i t y  o f  d i s t i n g u i s h i n g  them i n  t h e  t i s s u e s  o r  i n  s e r o u s  

e x u d a t e s  ( W i t t s , 1 9 2 8 ) .  I t  seem s  t h a t  t h e  d e c i d i n g  f a c t o r  i n  

c l a s s i f y i n g  many s u c h  c e l l s  h a s  b een  m e r e l y  t h e  f a c t  t h a t  s i n c e  

t h e y  a r e  i n  t h e  b l o o d ,  t h e r e f o r e  t h e y  a r e  presum ed t o  be 

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

and s t a i n i n g  r e a c t i o n s  i n  t h e  t i s s u e s  o r  in  s e r o u s  e x u d a t e s  

would  be r e g a r d e d  w i t h  d o u b t .  S a b i n ,  Doan and Cunningham ( 1 9 2 5 )  

a p p ea r  to  have  r e a l i s e d  t h i s  when t h e y  s t a t e  i n  r e f e r e n c e  to th e  

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

s t i m u l a t i o n  t h e  two c l a s s e s  o f  c e l l s  become i n d i s t i n g u i s h a b l e . "  

T h is  s t a t e m e n t  i n  a  p a p er  a t t e m p t i n g  t o  p r o v e  t h a t  t h e s e  c e l l  

g r o u p s  a r e  f u n d a m e n t a l l y  d i f f e r e n t  i n  o r i g i n  and d e v e lo p m e n t  

seems t o  have  b e e n  g e n e r a l l y  o v e r l o o k e d .  As r e g a r d s  t h e  o r i g i n  

o f  t h e  b l o o d  h i s t i o c y t e s ,  my e x p e r i m e n t s  s u p p o r t  K i y o n o ' s  v i e w  

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

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

bone-marrow.

In  g e n e r a l  i t  may be s a i d  t h a t  n e i t h e r  i n t r a - v i t a m
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no r  s u p r a v i t a l  s t a i n i n g  h a s  y i e l d e d  a n y  d e c i s i v e  e v i d e n c e  

r e g a r d i n g  t h e  o r i g i n  o f  t h e  m o n o c y t e s .  Cunningham, S a h i n  and  

Doan ( 1 9 2 5 )  c l a i m  t o  have  shown b y  means o f  s u p r a v i t a l  s t a i n i n g  

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

and marrow, b u t  may a l s o  be form ed from s i m i l a r  p r i m i t i v e  

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

Lang ( 1 9 2 6 )  and S t i l w e l l  ( 1 9 2 6 )  c o u l d  f i n d  no e v i d e n c e  i n  s u p p o r t  

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

i n j e c t i o n  o f  i n d i a  i n k  a s  c l a i m e d  b y  McJunkin ( 1 9 1 9 , 1 9 2 0 ) .

Simpson ( 1 9 2 2 )  showed t h a t  r e p e a t e d  i n j e c t i o n s  o f  c o l l o i d a l  

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

t i o n s ?l e d  to  sh o w ers  o f  m o n o n u c le a r  c e l l s ,  some a p p a r e n t l y  mono

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

two t y p e s  o f  c e l l  a r e  n o t  i d e n t i c a l  t h e y  a p p ea r  t o  be c l o s e l y  

r e l a t e d .  M asugi  ( 1 9 2 7 )  and B u n g e l e r  ( 1 9 2 7 )  a g r e e  t h a t  t h e s e  

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

r e t i c u l o - e n d o t h e l i a l  e l e m e n t s ;  t h e  fo r m e r  s t a t e s  f u r t h e r  t h a t  

m o n o cy te s  may become t r a n s f o r m e d  i n t o  h i s t i o c y t e s .  Maximow 

( 1 9 2 8 )  on t h e  o t h e r  hand h e l d  t h a t  m o n o c y t e s  a r e  produ ced  by 

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

b lo o d  s t r e a m ,  th o u g h  t h i s  may o c c u r  more e x t e n s i v e l y  in  the  

v e s s e l s  o f  c e r t a i n  o r g a n s ,  e . g .  marrow,  s p l e e n .  S i n c e  i n  

Maximow’ s o p i n i o n  t h e s e  c e l l s  a l s o  g i v e  r i se  t o  h i s t i o c y t e s ,  

th e  numerous t r a n s i t i o n  fo rm s  m e t  w i t h  i n  c o n d i t i o n s  o f  c l i n i c a l  

and e x p e r i m e n t a l  m o n o n u c l e M i s  may be  r e a d i l y  e x p l a i n e d .  My 

o b s e r v a t i o n s  on v i t a l  and s u p r a v i t a l  s t a i n i n g  s t r o n g l y  s u p p o r t  

Maximow's v i e w  ( 1 9 2 8 )  t h a t -  th e  m o n o c y t e s  a r e  t o  be reg a rd ed
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a s  a  p h a s e  o f  t h e  d e v e l o p n e n t  o f  c e r t a i n  lym p hoid  c e l l s  

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

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

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

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

and a c t  a s  m a c r o p h a g e s ;  t h e y  a r e  th en  i n d i s t i n g u i s h a b l e  from  

m a c r o p h a g e s  w h ic h  h a v e  b e e n  d e r i v e d  from h i s t i o c y t e s ,  o r  have  

d e v e l o p e d  d i r e c t l y  from  more p r i m i t i v e  u n d i f f e r e n t i a t e d  c e l l s .

As w i l l  be shown i n  a  l a t e r  c o m m u n ic a t io n ,  t h e r e  i s  c l e a r  

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

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

i n  t h e  n e ig h b o u r h o o d  o f  t h e  s e r o u s  c a v i t i e s  ( s e e  p .  288 )

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

t h r o u g h  a  m o n o c y t e - l i k e  s t a g e .  In  t h e  end t h e  m a cro p h a g es  

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

0 O 0
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LIVER.

Of a l l  t h e  o r g a n s  in  t h e  b od y  t h e  l i v e r  i s  t h e  m o s t  

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

a g e n t s  u s e d  a s  v i t a l  s t a i n s .  T h i s  a c t i v i t y  i s  due c h i e f l y  to  

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

t h e  c e l l s  o f  t h e  parenchym a.  I n  norm al  a n i m a l s  t h e  e n d o t h e l i u m  

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

w i t h  s m a l l  d a r k l y  s t a i n i n g  n u c l e i .  Here  and t h e r e  l a r g e r  

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

in  t h e  s l o w l y  f l o w i n g  b l o o d  o f  t h e  s i n u s o i d s ,  a t t a c h e d  t o  th e  

w a l l s  b y  one o r  two l o n g  p r o c e s s e s .  These  a r e  t h e  t r u e  

" s t e r n z e l l e n "  o f  von K u p f f e r  ( 1 8 7 6 )  and t h e y  a p p ea r  t o  be 

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

to t h e  c a p i l l a r y  w a l l ,  so  t h a t  one c e l l  r em a in s  i n  t h e  w a l l  i n  

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

( S a b i n ,1933,  P r a t t , 1 9 2 7 ) .  We have  o b s e r v e d  t h a t  b o t h  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  and f l o a t i n g  K u p f f e r  c e l l s  t a k e  up v i t a l  s t a i n s ,  

b u t  t h e  l a t t e r  a r e  more a c t i v e  i n  t h i s  r e s p e c t .  As i n  t h e  

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

th e  c y t o p l a s m  d o e s  n o t  become v i s i b l e  f o r  s e v e r a l  hou rs  a f t e r  

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

o r  i n t r a v e n o u s  r o u t e ;  i t  i s  v e r y  s c a n t y  a f t e r  12 h o u r s ,  b u t  

a f t e r  24 h o u r s  numerous i n t r a c e l l u l a r  g r a n u l e s  and v a c u o l e s  a r e  

found to  show t h e  v i t a l  s t a i n .  The s t a i n e d  e n d o t h e l i a l  c e l l s  

become s w o l l e n ,  and t h e  s t i m u l u s  o f  t h e  dye  a p p e a r s  to  g i v e  

r i s e  t o  an i n c r e a s e d  number o f  t r u e  K u p f f e r  c e l l s  w h ich  p r o j e c t  
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i n t o  t h e  lumen o f  t h e  s i n u s o i d s .  I t  i s  i m p o r t a n t  to  n o t e  

t h a t  many o f  t h e  f l a t t e n e d  c e l l s  a l s o  c o n t a i n  dye  g r a n u l e s .

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

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

c e l l s  in  a n y  p a r t i c u l a r  z o n e  o f  t h e  l o b u l e  e x h i b i t  dye  g r a n u l a 

t i o n  f i r s t .  The s i n u s o i d a l  c e l l s  a r e  n o t ,  h o w e v e r ,  a l l  e q u a l l y  

a c t i v e ,  and one  may o b s e r v e  n e i g h b o u r i n g  c e l l s  w h ic h  e x h i b i t  

e x t r e m e  v a r i a t i o n  in  t h e i r  d ye  c o n t e n t .  That  t h i s  i s  n o t  

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

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

a p p e a r a n c e s  were  f i r s t  o b s e r v e d .  In  a l l  c a s e s  o n e  ca n  f i n d  

a lo n g  t h e  s i n u s o i d a l  w a l l s  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  w hich  have  

f a i l e d  to  t a k e  up o r  a t  l e a s t  t o  c o n c e n t r a t e  w i t h i n  t h e i r  

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

c o n t a i n  c o n s i d e r a b l e  am o u n ts .  I n  f a v o u r a b l e  c a s e s  one may 

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

s t a i n e d  e n d o t h e l i a l  c e l l s  i n t o  c r e v i c e s  b e tw e en  t h e  h e p a t i c  

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

c a n a l i c u l i , b u t  no e x t r u s i o n  o f  dye i n t o  t h e s e  c h a n n e l s  seems  

to ta k e  p l a c e .  A f t e r  r e p e a t e d  i n j e c t i o n s  o f  dye  t h e  amount  

taken  up by t h e  K u p f f e r  c e l l s  and e n d o t h e l i a l  c e l l s  i n c r e a s e s  

m a r k e d ly  and th e  l a t t e r  become more s w o l l e n  and p r o j e c t  f u r t h e r  

i n t o  th e  lumen o f  t h e  v e s s e l s .  W ith  v e r y  h i g h  d o s a g e  i t  i s  n o t  

uncommon to  f i n d  t h e  h e a v i l y  s t a i n e d  c e l l s  becom in g  desquamated  

i n t o  th e  b l o o d  s t r e a m  where  t h e y  may be o b s e r v e d  f r e e  i n  the  

b r a n c h e s  o f  t h e  h e p a t i c  v e i n  ( f i g .  20 ) .  These  desquam ated

e n d o t h e l i a l  c e l l s  have  been  term ed  "b lood  h i s t i o c y t e s "  ( K i y o n o ,



1 9 1 4 ;  W e a t z l a f f ,  1 9 2 4 ) .

In  r a b b i t s  i r r e g u l a r i t y  i n  t h e  d e g r e e  o f  s t a i n i n g  o f  

i n d i v i d u a l  c e l l s  i s  much more p ro n o u n ced  and i t  i s  l e s s  e a s y  

than in  m i c e  to  o b t a i n  a  r e l a t i v e l y  u n i fo r m  s t a i n i n g  o f  t h e  

K u p f f e r  c e l l s .  W ith  r e p e a t e d  d o s e s  o f  t r y p a n  b l u e  some o f  t h e  

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

s w o l l e n  and s m a l l  g i a n t  c e l l s  w i t h  s e v e r a l  n u c l e i  may be fo rm ed .  

The g u i n e a - p i g  o c c u p i e s  a n  i n t e r m e d i a t e  p o s i t i o n  b e tw e e n  t h e  

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

t h o s e  o f  t h e  r a b b i t  th a n  o f  t h e  m ou se .

I t  h a s  b e e n  p o i n t e d  o u t  t h a t  i f  an a n i m a l  be  s u b j e c t e d  

to  i n t e n s e  v i t a l  s t a i n i n g ,  some o f  t h e  s t a i n e d  c e l l s  f i n a l l y  

desquam ate  and a r e  c a r r i e d  o f f  i n  t h e  b l o o d  to  t h e  r i g h t  s i d e  

o f  t h e  h e a r t  and l u n g s .  W i t h i n  a  f e w  d a y s ,  o t h e r s  l e a v e  t h e i r  

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

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

th e  c e n t r a l  v e i n ,  w h ic h  some o f  them e n t e r ,  ( f i g .  20 ) o r  ( c )

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

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

s t a i n e d  c e l l s  may be fou nd  a l s o  in  t h e  s i n u s o i d  w a l l s  a t  

v a r i o u s  p o i n t s .  P r o b a b l y  t h e s e  c e l l s  a r e  on t h e i r  way t o  t h e  

l y m p h a t i c s ,  i n t o  w h ic h  some o f  them m i g r a t e  and so a r r i v e  a t  

th e  r e g i o n a l  lymph n o d e s .  T h i s  ’ c l e a n s i n g *  p r o c e s s  i s  o f  

v e r y  g r e a t  im p o r t a n c e  and i t  i s  v e r y  s t r i k i n g  to  f i n d  how 

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

As a r e s u l t  o f  t h i s  r e d i s t r i b u t i o n ,  t h e  o r i g i n a l  un iform
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a r ra n g em en t  o f  v i t a l l y  s t a i n e d  c e l l s  i n  t h e  l i v e r  l o b u l e s  i s  

l o s t  and a f t e r  a  f e w  d a y s  s u c h  c e l l s  a r e  m o s t  numerous toward  

t h e  c e n t r e  and t h e  p e r i p h e r y  o f  t h e  l o b u l e s ,  w h i l e  th e  m id zo n e  

a p p e a r s  l e s s  u n i f o r m l y  s t a i n e d  than  a t  an e a r l i e r  s t a g e .

New e n d o t h e l i a l  c e l l s  f r e e  from  v i t a l  s t a i n  a p p e a r  i n  t h e  p l a c e  

o f  t h o s e  w h ic h  have  m i g r a t e d  and t h e  p i c t u r e  becom es  e n t i r e l y  

c h a n g ed .

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

from v i t a l  s t a i n ,  and may be d e m o n s t r a t e d  by t h e  i n j e c t i o n  o f  

a s m a l l  d o s e  o f  a  s u i t a b l e  c o n t r a s t i n g  d y e ,  e . g .  v i t a l  new red  

o r  l i t h i u m  c a rm in e .  The o r i g i n  o f  t h e s e  new c e l l s  i s  u n c e r t a i n .  

I f  t h e y  a r o s e  from  p r o l i f e r a t i o n  o f  t h e  p r e - e x i s t i n g  v i t a l l y  

s t a i n e d  c e l l s ,  one would  e x p e c t  them to  show e v i d e n c e  o f  t h e  

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

we h ave  r e p e a t e d l y  o b t a i n e d  e v i d e n c e  t h a t  t h e s e  new c e l l s  

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

and p r e su m a b ly  t h e y  d e v e l o p  from u n s t a i n e d  p r o g e n i t o r s .  I t  

seems p r o b a b l e  t h a t  t h e y  a r e  d e r i v e d  from t h e  u n s t a i n e d  

e n d o t h e l i a l  c e l l s  w h ich  have  been p r e v i o u s l y  d e s c r i b e d  a s  

r em a in in g  u n a f f e c t e d  b y  t h e  v i t a l  s t a i n i n g .  I t  has  b een  

s u g g e s t e d  b y  E l i o t  ( 1 9 2 6 )  t h a t  th e  r e t i c u l o - e n d o t h e l i a l  

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

b lo o d  w h ic h  a d h e r e  to  t h e  c a p i l l a r y  w a l l s  and s e t t l e  t h e r e  a t  

l e a s t  t e m p o r a r i l y .  k o o t  ( 1 9 2 7 )  h a s  s t a t e d  t h a t  he f o r m e r l y  

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

c e l l s .  The v i e w s  o f  t h e s e  w r i t e r s  i l l u s t r a t e  t h e  d i f f i c u l t y  
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i n  d e c i d i n g  how s u c h  c e l l s  may he  f o r m e d ,  b u t  i n  o u r  o p i n i o n  

such  v i e w s  c a n n o t  be  c l e a r l y  s u b s t a n t i a t e d .  T here  i s  no 

s a t i s f a c t o r y  e v i d e n c e  to  p rove  t h a t  s u c h  p r o c e s s e s  a r e  c o n c e r n e d  

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

th e  p o s s i b i l i t y  c a n n o t  be d e n i e d .  I t  s ee m s  more r e a s o n a b l e  to  

suppose  t h a t  r e g e n e r a t i o n  o c c u r s  from  t h e  u n s t a i n e d  c e l l s  to  

which we have  drawn a t t e n t i o n .  The e x i s t e n c e  o f  s u c h  n o n 

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

are  f a c t o r s  o f  g r e a t  im p o r t a n c e  i n  c o n n e c t i o n  w i t h  t h e  s o - c a l l e d  

b lo c k a d e  o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s t e m ,  w h ic h  w i l l  be  

r e f e r r e d  t o  more f u l l y  l a t e r .  .Dyes o f  g ro u p  ( b )  p rod u ce  

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

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

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

are fou nd  i n  t h e  K u p f f e r  c e l l s .

The h e a l t h y  h e p a t i c  parenchyma c e l l s  o f  t h e  mouse  have  

never  i n  a n y  c i r c u m s t a n c e s  b e e n  found  to  e x h i b i t  s t a i n i n g  w i t h  

any o f  t h e  v i t a l  d y e s ,  and we have  n o t  o b s e r v e d  any  e v i d e n c e  o f  

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

g u i n e a - p i g .  Ooldmann ( 1 9 0 9 )  s t a t e s  t h a t  t r y p a n  b l u e  ca n  be 

r e a d i l y  o b s e r v e d  in  t h e  b i l e  o f  i n j e c t e d  a n i m a l s  by d r o p p in g  the  

c o n t e n t s  o f  t h e  g a l l - b l a d d e r  on to  w h i t e  f i l t e r  p a p e r ,  b u t  our  

e x p e r i e n c e  h a s  n o t  c o n f i r m e d  t h i s  f i n d i n g  w i t h  t h e  sa m p les  o f  

dye u se d .  W ith  none o f  t h e  o t h e r  d y e s  em ployed h a s  s t a i n i n g  

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

and g p i n e a - p i g ,  h o w e v e r ,  v i t a l l y  s t a i n e d  g r a n u l e s  a r e  r e a d i l y  
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( f i g .  20)
produ ced  e v e n  w i t h  q u i t e  s m a l l  d o s e s  o f  t h e  d y e .  These

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

i r r e g u l a r  f a s h i o n  and h e a r  no s p e c i a l  r e l a t i o n  to  t h e  b i l e

c a n a l i c u l i .  G e n e r a l l y  t h e y  a p p e a r  f i r s t  i n  t h e  c e l l s  around

th e  c e n t r a l  v e i n ;  and' i n  t h e  g u i n e a - p i g  rem ain  l i m i t e d  to  t h i s

s i t u a t i o n ;  i n  t h e  r a b b i t ,  h o w e v e r ,  t h e y  a r e  l a t e r  fo u n d  i n

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

im i fo rm  i n  s i z e  b u t  i r r e g u l a r  i n  s h a p e .  These  g r a n u l e s  become

more numerous w i t h  p r o l o n g e d  and i n t e n s e  s t a i n i n g  and a p p e a r

a l s o  to  i n c r e a s e  i n  s i z e .  A l l  v i t a l l y  s t a i n e d  g r a n u l e s  i n

h e p a t i c  c e l l s  do n o t  a p p e a r  to  be o f  t h e  same n a t u r e .  Some

app ear  to  b e  n e w ly  form ed d y e  g r a n u l e s  p e r h a p s  a n a l o g o u s  to

t h o s e  o f  t h e  K u p f f e r  c e l l s ,  b u t  o t h e r s  seem to  be t h e  r e s u l t  o f

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

p r e - e x i s t i n g  i n  t h e  l i v e r  c e l l s .  S i m i l a r  g r a n u l e s  have  b een

o b s e r v e d  in  o t h e r  s i t u a t i o n s ,  e . g .  i n  a  few  o f  th e  K u p f f e r

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

and t h e y  m ust  be  c a r e f u l l y  d i s t i n g u i s h e d  from t h o s e  due to

tr u e  v i t a l  s t a i n i n g .  We b e l i e v e  t h a t  t h e s e  g r a n u l e s  a r e

e n t i r e l y  d i f f e r e n t  in  c h a r a c t e r  from  th e  g r a n u l e s  and v a c u o l e s

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

an i m b i b i t i o n  o f  d y e s t u f f  i n t o  pre form ed  g r a n u l e s  in  t h e  c e l l

p r o t o p l a s m ,  w h ic h  can be d e m o n s t r a t e d  b y  o t h e r  m eans .  They

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

a g e n t s  in  a  manner q u i t e  d i f f e r e n t  from t h e  g r a n u l e s  o f  t h e

K u p f fe r  c e l l s  and h i s t i o c y t e s .  At one t im e  i t  was t h o u g h t  t h a t

such g r a n u l e s  m i g h t  r e p r e s e n t  t h e  p h y s i c a l  b a s i s  o f  v i t a l  s t a i n i r g  
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phenomena i n  g e n e r a l ,  and a  number o f  e x p e r i m e n t s  w e re  c a r r i e d  o u t  

to  d e t e r m i n e  t h e  p r o p e r  i n t e r p r e t a t i o n  o f  t h e  o b s e r v a t i o n s .

I t  was fo u n d  t h a t  i f  s e c t i o n s  o f  v i t a l l y  s t a i n e d  r a b b i t  l i v e r  

were b l e a c h e d  w i t h  p o t a s s i u m  perm angan ate  and o x a l i c  a c i d ,  th e  

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

f i n e  y e l l o w  g r a n u l e s  rem ained  i n  t h e  l i v e r  c e l l s  w h ic h  c o u l d  

be r e n d e r e d  p r o m in e n t  a g a i n  by s u b s e q u e n t  s t a i n i n g  v / i t h  t h i o n i n e  

b l u e ,  m e t h y l e n e  b l u e  o r  c a r b o l - f u c h s i n , w h e r ea s  t h e  g r a n u l e s  

o f  m o s t  o f  t h e  K u p f f e r  c e l l s  w ere  n o t  r e s t o r e d  in  t h i s  way.  

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

were o b s e r v e d  to  c o n t a i n  g r a n u l e s  w h ic h  r e s t a i n e d  w i t h  t h e  b a s i c  

d y e s ,  b u t  t h e s e  w e re  much l e s s  numerous than  t h e  p r e v i o u s l y  

v i t a l l y  s t a i n e d  c e l l s  and c o r r e s p o n d e d  to  th e  p i g m e n t - c o h t a i n i n g  

c e l l s  fo u n d  i n  t h e s e  s i t u a t i o n s  i n  norm al  r a b b i t s .  These  

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

a c t i o n  o f  g a s t r i c  and p a n c r e a t i c  j u i c e ,  w h ich  removed c o m p l e t e l y  

th e  t i g r o i d  b o d i e s  o f  t h e  l i v e r  c e l l s .  They w ere  n o t  a f f e c t e d  

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

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

r e s t a i n i n g  w i t h  b a s i c  d y e s  a f t e r  b l e a c h i n g  g e n e r a l l y  f a i l e d  to  

show any  d e f i n i t e  r e s t o r a t i o n  o f  v i s i b l e  g r a n u l e s  in  c e l l s  

p r e v i o u s l y  v i t a l l y  s t a i n e d ,  th o u g h  i t  m u st  be n o t e d  t h a t  i f  o n l y  

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

a p p ea red  to  be l e f t  i n  p l a c e  o f  t h e  dye g r a n u l e s  a  c o l o u r l e s a  

compound w h ich  on r e s t a i n i n g  w i t h  t h e  b a s i c  d y e  t o o k  on a 

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

num bers ,  e . g .  i n  t h e  m e s e n t e r i c  and r e t r o p e r i t o n e a l  g l a n d s ,  

h e a r t  m u s c l e ,  s p l e e n ,  e t c . ,  s u c h  g r a n u l e s  w h e r e v e r  p r e s e n t  

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

s a t i s f i e d  t h a t  s u c h  g r a n u l e s  h a v e  no r e a l  im p o r t a n c e  i n  v i t a l  

s t a i n i n g  phenomena.

W ith  r e g a r d  t o  t h e  n a t u r e  o f  t h e  y e l l o w  p ig m en t  g r a n u l e s  

w hich  n a t u r a l l y  o c c u r  i n  t h e  l i v e r  and o t h e r  t i s s u e s  o f  th e  

r a b b i t ,  i t  was fou nd  t h a t  t h e s e  c o u l d  be  d i s s o l v e d  o u t  o f  th e  

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

c h l o r o f o r m ,  n o r  by s t r o n g  a l k a l i ;  h e n c e  t h e y  a r e  n o t  l i p o c h r o m e s .  

They f a i l  t o  g i v e  t h e  P r u s s i a n  b lu e  r e a c t i o n ,  and a r e  n o t  

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

p e r o x i d e  o r  p o t a s s i u m  perm angan ate  and o x a l i c  a c i d ;  t h e r e f o r e  

t h e y  a r e  n o t  d e r i v a t i v e s  o f  h a e m o g lo b in .  S i n c e  t h e y  s t a i n  

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

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

c o r r e s p o n d  m o s t  c l o s e l y  w i t h  " l i p o f u s c i n "  Hueck ( 1 9 1 2 )  and
ai.

L ub arsch  ( 1 9 0 2 ,  1 9 2 2 )  and h a e m o f u s c i n  ( M a l l o r y ,  1 9 2 4 ) ,  w h ic h  

a c c o r d i n g  t o  Connor ( 1 9 2 8 )  a r e  e s s e n t i a l l y  th e  same,  th e  

d i f f e r e n c e s  b e i n g  due p r o b a b l y  to  th e  a g e  o f  t h e  g r a n u l e s .  The 

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

worthy o f  a t t e n t i o n  s i n c e  r e c e n t l y  i t  h a s  b een  c la im e d  

( B a l l o r y ,  1925fc H a l l  and B u t t ,  1 9 2 8 )  t h a t  a c o n d i t i o n  o f  

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

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

a n a l o g o u s  t o  h a e m o c h r o m a t o s i s .  F l y n n  & Von Glahn ( 1 9 2 9 ) ,  

h o w e v e r ,  p o i n t  o u t  t h a t  t h e  d e g r e e  o f  p i g m e n t a t i o n  i n  r a b b i t ’ s  

l i v e r  i s  much more c l o s e l y  r e l a t e d  to  t h e  n a t u r e  o f  t h e  d i e t  and 

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

W ith out  g o i n g  f u r t h e r  i n t o  t h e  q u e s t i o n  o f  t h e  n a t u r e  o f  th e  

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

r a b b i t s ,  we w o u ld  e m p h a s iz e  t h e  v a l u e  o f  v i t a l  s t a i n i n g  a s  a 

method o f  b r i n g i n g  s u c h  g r a n u l e s  i n t o  p r o m i n e n c e ,  s i n c e  w h ere  such  

pigm ent  i s  p r e s e n t  i n  t h e  t i s s u e s ,  c e r t a i n  v i t a l  s t a i n s  

- e s p e c i a l l y  t h o s e  o f  g r o u p  ( a )  -  a d m i n i s t e r e d  s u b s e q u e n t l y  may be 

d e p o s i t e d  i n  o r  on t h e  p ig m e n t  g r a n u l e s  a l r e a d y  p r e s e n t  and may 

r en d e r  c l e a r l y  v i s i b l e  v e r y  f i n e  g r a n u l e s  w h ic h  can s c a r c e l y  be 

s ee n  o t h e r w i s e .

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

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

t h e i r  b a s a l  p o r t i o n .  We have  n o t  o b s e r v e d  b l u e  s t a i n e d  m a t e r i a l  

i n  th e  lumen o f  t h e  b i l e  d u c t s  a s  d e s c r i b e d  b y  Goldmann ( s e e  a b o v e ) .  

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

w i t h  d y e s  o f  g r o u p  ( b ) .  ’ F i b r o u s  t i s s u e  c e l l s  i n  t h e  p o r t a l  

t r a c t  and i n  S l i s s o n ’ s c a p s u l e  e x h i b i t  th e  s m a l l  u n i fo r m  g r a n u l e s  

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

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  s u s p e n s o i d  p r e p a r a t i o n s  

such  a s  i n d i a  i n k ,  e t c .  , t h e  h i s t o l o g i c a l  f i n d i n g s  i n  t h e  l i v e r  

are  s i m i l a r  to  t h o s e  w i t h  t r y p a n  b l u e  and s i m i l a r  d y e s ,  ( f i g .  2 1 , 2 2 ) 

b u t /



112

b u t  c e r t a i n  d i f f e r e n c e s  a r e  t o  be o b s e r v e d .  I t  h a s  a lread y-

b een  p o i n t e d  o u t  t h a t  no i n t r a c e l l u l a r  d e p o s i t i o n  o f  dy e  i s

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

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

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

I f  an a n i m a l  be k i l l e d  i m m e d i a t e l y  a f t e r  an i n j e c t i o n

o f  i n d i a  i n k ,  t h e  ca rb o n  p a r t i c l e s  w i l l  be fou nd  a d h e r i n g  to

and o u t l i n i n g  th e  w a l l s  o f  t h e  l i v e r  s i n u s o i d s  and K u p f f e r  c e l l s .
( f i g . 21)

W i t h i n  10 m i n u t e s  p ro n o u n ced  p h a g o c y t o s i s  o c c u r s ;  a t  t h e  end

o f  an hour t h e  g r e a t e r  p a r t  o f  t h e  d e p o s i t e d  i n k  i s  i n t r a c e l l u l a r .
•

W ith l a r g e  d o s e s  t h i s  p r o c e s s  n a t u r a l l y  t a k e s  l o n g e r ,  b u t  5 o r  

6 h o u rs  a f t e r  r e l a t i v e l y  enormous o r  ev en  l e t h a l  d o s e s  o f  in k  

a l m o s t  t h e  e n t i r e  ca rb o n  c o n t e n t  o f  t h e  l i v e r  i s  i n t r a c e l l u l a r .

As a l r e a d y  m e n t i o n e d  ( s e e  p .  96 ) a  c o n s i d e r a b l e  inumber o f  t h e

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

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

o r g a n s  than  in  t h e  p e r i p h e r a l  b l o o d .  Such c e l l s ,  c o m p r i s i n g  

b o t h  po lym orphs  and m o n o c y t e s ,  a r e  p r e s e n t  i n  t h e  h e p a t i c  

s i n u s o i d s .  D e p o s i t i o n  o f  carb on  p a r t i c l e s  b e g i n s  i n  t h e  

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

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  a r e  t h e  f i r s t  to  become la d e n  w i t h  

in k  p a r t i c l e s .  At t h e  end o f  5 o r  6 h o u r s ,  h o w e v e r ,  t h i s  

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

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

e n t i r e  l e n g t h  o f  t h e  s i n u s o i d s  ( f i g *  23 ) •  T h is  p i c t u r e

rem ains  f o r  a b o u t  2 4 - 4 8  h o u rs  w i t h o u t  any  marked a l t e r a t i o n  
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beyond g r a d u a l  i n c r e a s e  i n  t h e  amount o f  ca rb o n  i n  t h e  c e l l s ,  

b u t  h e r e  t o o  i n a c t i v e  e n d o t h e l i a l  c e l l s  w h ic h  have  i n g e s t e d  no 

in k  can be  fo u n d  i n  t h e  s i n u s o i d  l i n i n g .  No t r a c e  o f  i n k  i s  

found in  t h e  c o n n e c t i v e  t i s s u e  c e l l s  and m a cro p h a g es  o f  t h e  p o r t a l  

t r a c t s  and G l i s s o n ' s  c a p s u l e  d u r i n g  t h e  f i r s t  f e w  d a y s ,  b u t  l a t e r ,  

i . e .  from 4 d a y s  onward* m i g r a t i o n  o f  i n k - l a d e n  K u p f f e r  c e l l s  

o c c u r s ,  a s  p r e v i o u s l y  d e s c r i b e d  i n  t h e  dye e x p e r i m e n t s .  S i m i l a r  

c e l l s  a p p ea r  to  be  l i b e r a t e d  from t h e  s i n u s o i d s  i n t o  t h e  h e p a t i c  

v e i n s  whence t h e y  p a s s  t h r o u g h  t h e  r i g h t  h e a r t  to  t h e  l u n g s .

The h e p a t i c  parenchym a c e l l s  o f  t h e  mouse have  n e v e r  b een  fou nd  

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

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

o b serv ed  w i t h  d y e s .  Nagao ( 1 9 2 0 )  fo u n d  t o a t  t h i s  o c c u r r e d  more  

r e a d i l y  i n  w e a k ly  r a b b i t s ,  e . g .  t h o s e  a f f e c t e d  by c o c c i d i o s i s .

In th e  h e p a t i c  perenchyma c e l l s  o f  t h e  r a b b i t ,  th e  i n k  p a r t i c l e s  

appear  to  be  a b s o r b e d  on t h e  s u r f a c e  o f  p r e - e x i s t i n g  g r a n u l e s  and  

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

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

O th er  s u s p e n s o i d  s u b s t a n c e s  b e h a v e  s i m i l a r l y .  O xide  o f  

i ro n  and b e n z o p u r p u r in  i n  s u s p e n s o i d  form a r e  d e p o s i t e d  i n  t h e  

K u p ffer  c e l l s  i n  t h e  same way a s  i n d i a  i n k ,  and t h e  e n g o r g e d  

e n d o t h e l i a l  c e l l s  have  b een  o b s e r v e d  to  m i g r a t e  i n t o  t h e  c i r c u l a t i n g  

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

j u s t  a s  t h e y  do a f t e r  th e  a d m i n i s t r a t i o n  o f  d y e s .  I t  i s  n o t e 

w o r th y ,  h o w e v e r ,  t h a t  a f t e r  i n j e c t i o n  o f  o x i d e  o f  i r o n ,  t h e  e n t i r e  

cy top lasm ,  o f  t h e  K u p f f e r  c e l l s  g i v e s  a t  f i r s t  a  d i f f u s e  opaque  
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P r u s s i a n  b l u e  r e a c t i o n ,  l i k e  h e a v i l y  ground  g l a s s ;  l a t e r  th e  

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

much more i n t e n s e ,  a s  i f  t h e  i r o n  w e re  b e c o m in g  c o n c e n t r a t e d .  

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

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

l i k e  t h e  c a r b o n  i n  i n d i a  i n k .  They a r e  c a p a b l e  o f  u n d e r g o in g  

f u r t h e r  c h a n g e s  i n  t h e  body  a s  a  r e s u l t  o f  w h ic h  a r e d i s t r i b u t i o n  

o f  t h e  i n j e c t e d  s u b s t a n c e s  s u b s e q u e n t l y  o c c u r s .  The l a t e r  c h a n g e s  

i n  t h e  d e p o s i t e d  i r o n  and i t *  s u b s e q u e n t  r e d i s t r i b u t i o n  h a v e  b e e n  

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

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

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

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

c l a s s ,  e . g .  t r y p a n  b l u e ,  v i t a l  new r e d ,  e t c .  show r e l a t i v e l y  

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

v i t a l l y  s t a i n i n g  d y e s  by t h e  i n t r a v e n o u s  r o u t e  a p p e a r s  to  p r o d u ce  

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

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

S u s p e n s o i d s  s u c h  a s  i n d i a  i n k  and s a c c h a r a t e d  i r o n  o x i d e  on 

th e  o t h e r  hand a r e  removed from  t h e  c i r c u l a t i o n  by t h e  s p l e e n  

w i t h  extreme r a p i d i t y ,  and s u b s t a n c e s  o f  t h i s  c l a s s  tend  to  

a c cu m u la te  i n  t h e  s p l e e n  p r o g r e s s i v e l y  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 .

In  a n i m a l s  s t a i n e d  w i t h  d y e s  no e n l a r g e m e n t  o f  t h e  s p l e e n  

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

i n  c e r t a i n  round o r  o v a l  m o n o n u c le a r  c e l l s  o r  *s p l e n o c y t e s '  

s c a t t e r e d  t h r o u g h o u t  t h e  p u l p ,  and g r a n u l e s  a r e  a l s o  fou nd  i n  

s t e l l a t e  c e l l s  w h ic h  a r e  a l m o s t  c e r t a i n l y  t h e  r e t i c u l a r  e l e m e n t s .  

The s t e l l a t e  r e t i c u l u m  c e l l s  i n  t h e  s p l e e n  p u l p  may be r e c o g n i s e d  

by t h e i r  sh a p e  and by t h e  l a r g e r  s i z e  and p a l e r  s t a i n i n g  c h a r a c t e r  

o f  th e  n u c l e u s  w h ic h  i s  o v a l  o r  so m et im es  r e n i f o r m .  I n  b o t h  

s t e l l a t e  and f r e e  c e l l s  i t  i s  n o t  u n u s u a l  to  f i n d  t r a c e s  o f  p igm ent  

o f  g o ld e n - b r o w n  c o l o u r ,  m o s t  o f  w h ich  g i v e s  t h e  i r o n  r e a c t i o n ,  

and th e  m i x t u r e  o f  t h e  v i t a l  s t a i n  &Bd t h e  a l t e r e d  b lo o d  p igm ent  

p ro d u ces  d i r t y  b r o w n is h  g r a n u l e s  in  t h e  c e l l s .  C e l l s  h e a v i l y  

l a d e n  w i t h  a l t e r e d  b l o o d  p ig m e n t  r a r e l y  i n g e s t  much o f  th e  d y e ,
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b u t  v a r y i n g  d e g r e e s  o f  a d m ix t u r e  o c c u r .  I t  i s  n o t e w o r t h y  

t h a t  th e  s p l e e n  p u l p  c o n t a i n s  a  v e r y  l a r g e  number o f  m o n o n u c le a r  

c e l l s  r e s e m b l i n g  t h e  v i t a l l y  s t a i n e d  s p l e n o c y t e s  i n  e v e r y  way 

e x c e p t  t h a t  t h e y  l a c k  dye  g r a n u l e s ,  and t h e s e  u n s t a i n e d  c e l l s  

u s u a l l y  fo rm  a  l a r g e  m a j o r i t y .  The e n d o t h e l i a l  c e l l s  o f  th e  

v e n o u s  s i n u s o i d s  a l s o  e x h i b i t  s c a n t y  f i n e  g r a n u l e s  o f  th e  i n j e c t e d  

d y e ,  b u t  i n  my e x p e r i e n c e  t h e s e  a r e  a l w a y s  s m a l l  and much l e s s  

p ro m in en t  i n  m ic e  th a n  t h e  v i t a l l y  s t a i n i n g  g r a n u l e s  o f  th e  

e n d o t h e l i a l  c e l l s  o f  t h e  l i v e r  o r  bone marrow. I  h ave  n e v e r  

s u c c e e d e d  i n  o b t a i n i n g  a  s h a r p  d e m a r c a t i o n  o f  t h e  v e n o u s  s i n u s o i d s  

by v i t a l  s t a i n i n g ,  s i n c e  t h e  l i n i n g  c e l l s  do n o t  become p r o m in e n t  

w it h  dye  g r a n u l e s  a s  t h e y  s o m e t im e s  do w i t h  i r o n  in  human 

a c h o l u r i c  j a u n d i c e  ( s e e  M u i r ' s  P a t h o l o g y ,  1 9 2 9 ,  p . 4 4 5 ,  f i g . 2 6 5 ) .

The M a l p i g h i a n  b o d i e s  rem ain  a l m o s t  c o m p l e t e l y  f r e e  from t h e  v i t a l  

s t a i n ;  c a r e f u l  s e a r c h  w i t h  t h e  o i l  im m ers ion  l e n s  w i l l ,  h o w e v e r ,  

r e v e a l  s c a n t y  v e r y  f i n e  g r a n u l e s  i n  t h e  r e t i c u l a r  c e l l s  o f  th e  

lymphoid f o l l i c l e s .  Even w i t h  p r o l o n g e d  and i n t e n s e  v i t a l  

s t a i n i n g  t h e  s t o r a g e  o f  d y e s  i n  t h e  s p l e e n  i s  . u s u a l l y  s u r p r i s i n g l y  

s l i g h t  i n  m ic e  i n  c o m p a r i s o n  t o  t h a t  o f  o t h e r  o r g a n s ,  e . g .  l y m p h a t ic  

g l a n d s .  T h i s  phenomenon s t r e n g t h e n s  t h e  o p i n i o n  t h a t  th e  r e t i c u l o 

e n d o t h e l i a l  e l e m e n t s ,  w h i l e  p o s s e s s i n g  c e r t a i n  p r o p e r t i e s  i n  

common w hich  j u s t i f i e s  t h e i r  b e i n g  g ro u p ed  t o g e t h e r  i n t o  a 

" sy s tem " ,  a r e  y e t  s t r i k i n g l y  s e l e c t i v e  and s p e c i a l i s e d  i n  

t h e i r  a c t i v i t i e s  i n  t h e  v a r i o u s  o r g a n s .  The g i a n t  c e l l s  w hich  

are  so p l e n t i f u l  i n  t h e  s p l e e n s  o f  r o d e n t s  ta k e  no p a r t  i n  t h e  

s t o r a g e  o f  v i t a l  s t a i n s  o f  any  k in d .  I n  t h e  c a p s u l e  o f  th e  

s p l e e n /
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s p l e e n  numerous v i t a l l y  s t a i n e d  c e l l s  a r e  p r e s e n t ,  t h e s e  a r e  

t o  he  r e g a r d e d  a s  h i s t i o c y t e s  and f i b r o c y t e s .  The 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  c o v e r i n g  t h e  s p l e e n  a r e  plumper  and more  

c u b i c a l  t h a n  e l s e w h e r e ,  e s p e c i a l l y  a f t e r  r e p e a t e d  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 ,  and t h e y  t e n d  t o  s t o r e  t h e  v i t a l  s t a i n s  i n  r a t h e r  

g r e a t e r  q u a n t i t y  th a n  do m e s o t h e l i a l  c e l l s  g e n e r a l l y .

In  r a b b i t s  t h e  s t o r a g e  o f  v i t a l  s t a i n s  i n  t h e  s p l e e n  h a s  

i n  my e x p e r i e n c e  b e e n  e x c e e d i n g l y  s c a n t y ,  b u t  p o s s i b l y  t h i s  i s  

to  be r e l a t e d  to  th e  p r e s e n c e  o f  numerous p h a g o c y t e s  c o n t a i n i n g  

a l t e r e d  b l o o d  p i g m e n t .  I n  g u i n e a - p i g s ,  on t h e  o t h e r  h a n d ,  more  

pronounced  dye  s t o r a g e  h a s  b e e n  o b s e r v e d  i n  t h e  s p l e e n ,  th o u g h  

i n  a  s e r i e s  o f  a n i m a l s  s u b j e c t e d  t o  t h e  same d o s a g e  c o n s i d e r a b l e  

v a r i a t i o n  was f o u n d .  In  a f e w  c a s e s  d y e  c o n t a i n i n g  c e l l s  were  

p r e s e n t  i n  u n u s u a l  numbers b o t h  i n  t h e  p u l p  and i n  t h e  M a l p i g h i a n  

b o d i e s  ( f i g s .  2 4 ,25 ) .  In  t h e  v e n o u s  s i n u s o i d s  o f  g u i n e a - p i g s ,  

v e r y  l i t t l e  d ye  i s  g e n e r a l l y  p r e s e n t  i n  t h e  m u ra l  c e l l s ,  th o u g h  

the  f l o a t i n g  c e l l s  ( r e t i c u l u m  c e l l s  o f  Downey 1 9 2 2 ,  Maximow 

1 9 2 8 ,  a n c h o r e d  c l a s m a t o c y t e s  o f  S a b i n  1 9 2 0 )  c o n t a i n  q u i t e  a 

c o n s i d e r a b l e  amount ( f i g *  26 ) .  I n  n e a r l y  a l l  d e e p l y  s t a i n e d

a n i m a l s  o f  e v e r y  s p e c i e s ,  a  f e w  m o n o n u c le a r  l e u c o c y t e s  w i t h

v i t a l l y  s t a i n e d  g r a n u l e s  a r e  fo u n d  i n  t h e  lumen o f  t h e  s p l e n i c

v e i n  and i n  t h e  s i n u s o i d s .  I t  seems c l e a r  t h a t  t h e s e  a r e  d e r i v e d

a from t h e  v i t a l l y  s t a i n e d  s p l e n o c y t e s  and r e t i c u l u m  c e l l s  o f  th e  

p u lp  and s i n u s e s .  In  g u i n e a - p i g s  v i t a l  s t a i n i n g  o f  t h e  s p e c i f i c  

g r a n u l e s  o f  t h e  po lym orp hs  i s  f r e q u e n t l y  s e e n  i n  t h e  s p l e e n  p u l p  

and v e s s e l s .  T h is  phenomenon i s  c o n s i d e r e d  f u r t h e r  i n  d i s c u s s i n g
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t h e  bone marrow ( s e e  p .  124  ) .

In  marked c o n t r a s t  to  t h e  s c a n t y  s t o r a g e  o f  c o l l o i d a l  

d y e s  a r e  t h e  r e s u l t s  a f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  

s u s p e n s o i d  p r e p a r a t i o n s ,  e . g .  i n d i a  i n k ,  and s a c c h a r a t e d  i r o n  

o x i d e .  D e p o s i t i o n  o f  i n k  and i r o n  b e g i n s  i n  t h e  s p l e e n  w i t h i n  

a f e w  m i n u t e s  a f t e r  a  s m a l l  d o s e  o f  a  d i l u t e  s u s p e n s i o n  and  

i s  f i r s t  v i s i b l e  around  t h e  M a l p i g h i a n  b o d i e s  ( f i g .  27 ) .  W i t h i n

10 m i n u t e s  a f t e r  an i n t r a v e n o u s  i n j e c t i o n  t h e  lym p hoid  f o l l i c l e s  

a r e  su rrou n d ed  by a  l a y e r  o r  l a y e r s  o f  s t e l l a t e  c e l l s  h e a v i l y  

l a d e n  w i t h  ca rb o n  o r  i r o n .  At t h i s  t im e  t h e r e  i s  a lB o  some 

d e p o s i t  on t h e  a r t e r i o l e s  o f  t h e  p u l p  c o r d s  b u t  v e r y  l i t t l e  i s  

found i n  t h e  p u l p  c e l l s  w h ic h  surrou nd  t h e  a r t e r i o l e  l i k e  a 

s h e a t h ,  o r  in  t h e  p u l p  s p a c e s .  The a c t i v e  p h a g o c y t i c  c e l l s  a r e  

p r o b a b ly  t h e  f i r s t  p u lp  c e l l s  w i t h  w h ich  t h e  b l o o d  p a s s i n g  

th ro u g h  t h e  c a p i l l a r i e s  o f  t h e  M a l p i g h i a n  b o d i e s  comes i n t o  

c o n t a c t ,  s i n c e  a l l  t h i s  b l o o d  i s  em p t ied  i n t o  t h e  p u l p  a t  t h e  

p e r i p h e r y  of  t h e  M a l p i g h i a n  b o d i e s ,  w h ereas  t h a t  p a s s i n g  th r o u g h  

the  a r t e r i o l e s  o f  t h e  p u l p  may go  s t r a i g h t  th ro u g h  t h e  e l l i p s o i d s  

i n t o  t h e  v e n o u s  s i n u s o i d s  and so i n t o  t h e  s p l e n i c  v e i n  (NcNee  

1 9 2 9 ) .  T h i s  a p p e a r a n c e  i n  some a n i m a l s  i s  r a p i d l y  s u c c e e d e d  

by a s t a g e  i n  w h ic h  th e  i n k  p a r t i c l e s  s p r e a d  i n t o  t h e  i n t e r s t i c e s  

o f  t h e  p u l p , w i t h  s u b s e q u e n t  p h a g o c y t o s i s  by th e  p u l p  c e l l s ;  but  

i n  o t h e r s  t h e  g e n e r a l  p u l p  rem a ins  a l m o s t  f r e e  from  carb on  

p a r t i c l e s  f o r  a  much l o n g e r  t i m e ,  ev en  up to  s e v e r a l  h o u r s .

I t  i s  p r o b a b le  t h a t  d e p o s i t i o n  i n  t h e  g e n e r a l  s p l e n i c  p u l p  

o c c u r s  o n l y  when some o f  t h e  e i l ; i P s o i d s  d i v e r t  t h e  f l o w  o f  b lo o d  

o u t /
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out  i n t o  t h e  p u l p  i n s t e a d  o f  a l l o w i n g  i t  t o  p a s s  r i g h t  th r o u g h  

i n t o  t h e  s i n u s o i d s .  The p a r t i c u l a t e  m a t t e r  i s  t h e n  d e p o s i t e d  

on t h e  r e t i c u l a r  c e l l s  and a l o n g  t h e i r  l o n g  p r o c e s s e s  w h ich  

form t h e  m e s h e s  o f  t h e  p u l p  s p a c e s .  R o b in so n  ( 1 9 2 8 )  h a s  shown 

by t r a n s f u s i o n  e x p e r i m e n t s  t h a t  t h i s  i n i t i a l  d e p o s i t i o n  i s  due  

t o  a m e c h a n i c a l  f i l t e r i n g  a c t i o n  and  can be e l i c i t e d  ev en  a f t e r  

t h e  c e l l s  h a v e  b e e n  p o i s o n e d  b y  c y a n i d e .  A f t e r  an h o u r  th e  

p a r t i c u l a t e  m a t t e r  i n  t h e  p u l p  i s  much more a b u n d a n t  and i s  n e a r l y  

a l l  i n t r a c e l l u l a r ,  b u t  a s  a t  e a r l i e r  s t a g e s ,  i t  i s  g e n e r a l l y  m o s t  

marked around  t h e  M a l p i g h i a n  b o d i e s .  The r e t i c u l a r  c e l l s  o f  

the lym p hoid  f o l l i c l e s  have  a l s o  by t h i s  t im e  t a k e n  up a  s m a l l  

amount o f  t h e  p a r t i c u l a t e  m a t t e r .  D u r in g  t h e  n e x t  24  h o u r s  t h e  

amount o f  i n k  o r  i r o n  in  t h e  s p l e e n  i n c r e a s e s }  i n  th e  p u l p  s p a c e s  

in  a l l  s i t u a t i o n s  ca rb o n  o r  i r o n  i s  ta k en  up by many f r e e  

p h a g o c y t i c  c e l l s  i n  a d d i t i o n  to  th e  f i x e d  r e t i c u l a r  c e l l s .  When 

v e r y  l a r g e  d o s e s  a r e  g i v e n  t h e  s p l e n i c  p u l p  becom es  g r e a t l y  d i s t e n d 

ed w i t h  p h a g o c y t i c  c e l l s  and a  h i g h  p r o p o r t i o n  o f  th e  f r e e  mono

n u c l e a r  c e l l s  o f  t h e  p u l p  t a k e  up t h e  i n j e c t e d  s u b s t a n c e .  Even  

i n  s u c h  c a s e s ,  ho w ev er  -  and t h i s  i s  v e r y  c l e a r  w i t h  t h e  u s u a l  

m o d e r a te  d o s e s  -  t h e r e  a r e  a l w a y s  many s m a l l  m o n o n u c le a r  c e l l s  

i n  t h e  p u l p  w h ic h  remain  f r e e  from in k  o r  i r o n .  These  a r e  

p r o b a b l y  l y m p h o c y t e s ,  immature m o n o c y t e s  and p r i m i t i v e  

u n d i f f e r e n t i a t e d  c e l l s ,  and t h e y  r e p r e s e n t  a  r e s e r v e  from  which  

f r e s h  p h a g o c y t i c  c e l l s  can  be c o n s t a n t l y  formed a s  f u r t h e r  

demand a r i s e s .  The g i a n t  c e l l s  ( m e g a c a r y o c y t e s )  remain  a t  a l l  

t im e s  i n d i f f e r e n t  to  t h e  presen&e o f  t h e  p a r t i c u l a t e  m a t t e r  and 

e x h i b i t  no t r a c e  o f  p h a g o c y t o s i s .
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I n  no c a s e  c a n  a l l  t h e  e l e m e n t s ,  whose  m o r p h o l o g i c a l  

c h a r a c t e r s  and a n a t o m i c a l  s i t u a t i o n  would  s u g g e s t  t h a t  t h e y  a r e  

s t a i n a b l e ,  be  made to  e x e r c i s e  t h i s  f u n c t i o n  a t  any  one  t i m e .

Ho m a t t e r  how h i g h  t h e  d o s a g e  or  how p r o l o n g e d  t h e  a d m i n i s t r a t i o n  

ev en  to  t h e  l i m i t  o f  t o x i c i t y  t h e r e  a r e  a l w a y s  to  be  f o u n d  s i d e  

b y  s i d e  c e l l s  l a d e n  w i t h  t h e  i n j e c t ' e d  s u b s t a n c e s  and  o t h e r s  

m o r p h o l o g i c a l l y  s i m i l a r  w h i c h  a r e  e n t i r e l y  f r e e .  M o r e o v e r  i t  

must be e m p h a s i s e d  t h a t  t h e r e  a r e  g r e a t  v a r i a t i o n s  i n  t h e  amount  

o f  p a r t i c u l a t e  m a t t e r  i n  t h e  s p l e e n  p u l p  i n  d i f f e r e n t  a n i m a l s  o f  

th e  same s p e c i e s  a t  a n y  g i v e n  i n t e r v a l  a f t e r  i n j e c t i o n .  Th is  

v a r i a t i o n  i s  p r o b a b l y  d e p e n d e n t  on i n d i v i d u a l  d i f f e r e n c e s  i n  

the  c i r c u l a t i o n  o f  t h e  b l o o d  t h r o u g h  t h e  s p l e e n  p u l p .  The 

e n d o t h e l i a l  c e l l s  o f  t h e  v e n o u s  s i n u s o i d s  a r e  e v e n  more i n d i f f e r e n t  

to  p a r t i c u l a t e  m a t t e r  th an  t o  s o l u b l e  d y e s ,  and i t  i s  r a r e  to  f i n d  

more th an  mere  t r a c e s  o f  i n k  o r  iro.n i n  t h e s e  c e l l s ,  a t  l e a s t  

soon a f t e r  i n j e c t i o n .

Each r e p e a t e d  i n j e c t i o n  o f  p a r t i c u l a t e  m a t t e r  l e a d s  to  th e  

same c y c l e  o f  c h a n g e s  and t h e  s p l e e n  p u l p  becomes  so  r i c h  i n  

p h a g o c y t e s  t h a t  th e  o r i g i n a l  a c c e n t u a t i o n  o f  t h e  d e p o s i t  around th e  

M a lp i g h i a n  b o d i e s  i s  o b s c u r e d -  I f  s u c h  a n i m a l s  a r e  a l l o w e d  to  

s u r v i v e  f o r  s e v e r a l  m on th s  a f t e r  c e s s a t i o n  o f  t r e a t m e n t  a  c e r t a i n  

r e a r r a n g e m en t  o f  t h e  p h a g o c y t e s  becomes e v i d e n t .  T h is  i s  c h i e f l y  

due to  a c c u m u l a t i o n  o f  th e  e n g o r g e d  c e l j s  i n  l i t t l e  c lumps  

th r o u g h o u t  t h e  p u l p ,  e s p e c i a l l y  a l o n g  t h e  m a r g in s  o f  t h e  t r a b e c u l a e ,  

a s  i f  t h e  c e l l s  were  e n d e a v o u r i n g  to  m i g r a t e  i n t o  t h e  p e r i v a s c u l a r  

l y m p h a t i c s  i n  t h e s e  s i t u a t i o n s ;  o c c a s i o n a l l y  s i m i l a r  c lumps o f  

c e l l s  have  b e e n  fo u n d  around t h e  c e n t r a l  a r t e r i o l e s  o f  th e
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M a lp ig h ia n  b o d i e s  ( f i g .  61 ) .  Long a f t e r  t h e  c e s s a t i o n

o f  a d m i n i s t r a t i o n  o f  s a c c h a r a t e d  i r o n  o x i d e ,  g r a n u l a r  i r o n  

may b e g i n  t o  a c c u m u la t e  w i t h i n  t h e  s i n u s  e n d o t h e l i a l  c e l l s .  

This  d o e s  n o t  o c c u r  w i t h  i n d i a  i n k  and i t  w i l l  be  f u r t h e r  

c o n s i d e r e d  l a t e r .

0 O 0
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The bone marrow p a r t i c i p a t e s  i n  s t o r i n g  v i t a l  s t a i n s  o f  

a l l  k i n d s ,  t h o u g h ,  a s  h a s  been  m e n t i o n e d ,  i t s  a c t i v i t y  v a r i e s  

c o n s i d e r a b l y  i n  d i f f e r e n t  a n i m a l s .  In  g e n e r a l  i t  may be s t a t e d  

t h a t  t h e  e l e m e n t s  o f  t h e  marrow w h ich  a r e  a c t i v e  i n  t h i s  r e s p e c t  

a r e  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s ;  b u t  t h e  h i s t o l o g i c a l  

p i c t u r e  v a r i e s  w i t h  t h e  n a t u r e  o f  t h e  v i t a l  s t a i n  and w i t h  t h e  

time o f  e x a m i n a t i o n  a f t e r  i t s  a d m i n i s t r a t i o n #

In  m ic e  t h e  l o n g  b o n es  a r e  g e n e r a l l y  f i l l e d  w i t h  c e l l u l a r  

marrow i n  w h ich  t h e r e  i s  o n l y  r a r e l y  rtiore th an  a  t r a c e  o f  f a t .  

A f t e r  r a p i d  i n t e n s e  s t a i n i n g  w i t h  tr y p a n  b l u e  o r  s i m i l a r  v i t a l

s t a i n s ,  t h e  dye i s  d e p o s i t e d  i n  t h e  form  o f  f i n e  g r a n u l e s  i n  t h e

e n d o t h e l i a l  c e l l s  o f  t h e  v e n o u s  s i n u s o i d s  and i n  c e r t a i n  s t e l l a t e  

c e l l s  s c a t t e r e d  i r r e g u l a r l y  in  t h e  marrow p u l p ,  b u t  t h e  l i n i n g  

c e l l s  o f  t h e  a r t e r i a l  c a p i l l a r i e s  remain  f r e e  from  t h e  d y e .  At

f i r s t  t h e  c e l l s  c o n t a i n  o n l y  t i n y  b l u e  g r a n u l e s ,  but  a s  s t a i n i n g

p r o c e e d s  t h e  amount o f  i n t r a - c e l l u l a r  dye i n c r e a s e s ;  t h e  a f f e c t e d  

c e l l s  become s w o l l e n  and some p r o j e c t  i n t o  t h e  lumen o f  th e  

s i n u s o i d s .  The d e g r e e  o f  s t a i n i n g  o f  i n d i v i d u a l  c e l l s  v a r i e s  

c o n s i d e r a b l y ,  a s  i s  w e l l  s ee n  in  s e c t i o n s  w h ich  c u t  a  s i n u s o i d  

l o n g i t u d i n a l l y .  The v i t a l l y  s t a i n e d  s t e l l a t e  c e l l s  g e n e r a l l y  

p o s s e s s  f a i r l y  l a r g e  r a t h e r  p a l e  s t a i n i n g  o v a l  n u c l e i  and t h e i r  

cytoplasm: becomes much i n c r e a s e d  i n  amount anu f i l l e d  w i t h

l a r g e  g r a n u l a r  m a s s e s  o f  v i t a l  s t a i n .  These  e l e m e n t s ,  w h ich  

have  g e n e r a l l y  been  r e g a r d e d  a s  t h e  r e t i c u l u m  c e l l s  o f  th e  marrow,  

l i e  among t h e  m a s s e s  o f  m y e l o i d  c e l l s ,  and t h e i r  p r o c e s s e s  can  

f r e q u e m t l y  be t r a c e d  a  c o n s i d e r a b l e  d i s t a n c e .
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As v i t a l  s t a i n i n g  i n c r e a s e s  i n  i n t e n s i t y ,  t h e r e  a p p e a r s  

a c o n s i d e r a b l e  number o f  l a r g e  o v a l  o r  rounded c e l l s  r e s e m b l i n g  

h i s t i o c y t e s ,  w i t h  c o a r s e  v i t a l l y  s t a i n e d  g r a n u l e s .  I t  i s  

p r o b a b le  t h a t  t h e y  a r e  d e r i v e d  from  t h e  r e t i c u l u m  c e l l s  and from  

the  e n d o t h e l i a l  c e l l s  o f  t h e  s i n u s o i d s .  The a p p e a r a n c e s  s u g g e s t  

t h a t  some o f  t h e  fo r m e r  draw i n  t h e i r  p r o c e s s e s  and  become  

rounded;  some o f  t h e  e n d o t h e l i a l  c e l l s  a p p e a r  to  l e a v e  the  

s i n u s o i d  w a l l  and  m i g r a t e  o u t w a r d s  i n t o  th e  marrow p u l p ,  w h i l e  

o t h e r s  d esq u a m a te  i n t o  t h e  lumen and a p p e a r  a s  f r e e  v i t a l l y  

s t a i n e d  m o n o n u c le a r  c e l l s  i n  t h e  b l o o d  j u s t  a s  i n  t h e  l i v e r  and 

o t h e r  o r g a n s .  The bone marrow i n  m ic e  i s  r e l a t i v e l y  i n a c t i v e  

i n  s t o r i n g  v i t a l  s t a i n s  and i n  a  r e l a t i v e l y  s h o r t  t im e  a f t e r  

i n j e c t i o n s  o f  t h e  dy e  have  c e a s e d ,  t h e  e n d o t h e l i a l  c e l l s  o f  th e  

s i n u s o i d s  a r e  fo u n d  to  be a l m o s t  f r e e  from dye  g r a n u l e s .  T h i s  

change a p p e a r s  t o  be b r o u g h t  a b o u t  a t  l e a s t  p a r t l y  b y  m i g r a t i o n  

of  t h e  e n d o t h e l i a l  c e l l s  a s  a b o v e  d e s c r i b e d ,  and f o r  a  t im e th e  

f r e e  v i t a l l y  s t a i n e d  h i s t i o c y t e - l i k e  c e l l s  p e r s i s t  i n  c o n s i d e r a b l e  

numbers in  t h e  i n t e r s i n u s o i d a l  t i s s u e .  A f t e r  a  few  w e e k s ,  

h o w e v e r ,  t h e y  t o o  become s c a n t y  and o n l y  o c c a s i o n a l  dye c o n t a i n i n g  

c e l l s  r e m a in ,  t h e  e x a c t  n a t u r e  o f  w h ic h  ca n n o t  be d e te r m in e d *

The bone marrow o f  r a b b i t s  i s  much more a c t i v e  i n  s t o r i n g  

v i t a l  s t a i n s  o f  a l l  k i n d s  than  t h a t  o f  m i c e ,  and th e  e f f e c t s  

p e r s i s t  l o n g e r .  E s s e n t i a l l y  t h e  same t y p e s  o f  c e l l s  a r e  a f f e c t e d ,  

but  t h o s e  o f  t h e  r a b b i t  t a k e  up th e  d y e s  i n  l a r g e r  am ou nts .  The 

marrow o f  r a b b i t s  i s  l e s s  c e l l u l a r  than t h a t  o f  m ic e  and 

c o n t a i n s  a  l a r g e r  p r o p o r t i o n  o f  a d i p o s e  t i s s u e ;  i t  i s  t h u s  e a s i e r  

t o /
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t o  o b s e r v e  s l i g h t  h y p e r p l a s t i c  c h a n g e s  f o l l o w i n g  t r e a t m e n t .

Doan,  Cunningham & S a b in  ( 1 9 2 5 )  s t a t e  t h a t  t r y p a n  b lu e  

e x e r c i s e s  a  s l i g h t l y  s t i m u l a t i n g  e f f e c t  on t h e  marrow o f  p i g e o n s  

and r a b b i t s ,  and  M u l l e r  ( 1 9 2 6 )  h a s  fou nd  a  s i m i l a r  e f f e c t  from  

sm a l l  d o s e s  o f  i n d i a  i n k .  I  have  n o t  o b s e r v e d  any  marked  

d i f f e r e n c e  in  c e l l u l a r i t y  b e tw e e n  t h e  marrow o f  m o s t  v i t a l l y  

s t a i n e d  r a b b i t s  and t h a t  o f  c o n t r o l s ,  th e  d i f f e r e n c e s  a p p e a r i n g  

to  f a l l  w i t h i n  t h e  ran ge  o f  i n d i v i d u a l  v a r i a t i o n s .  S i e n i g a l e w i c z  

and C la rk  ( 1 9 2 5 ) ,  h o w e v e r ,  p o i n t s  o u t  t h a t  eg en  i s o t o n i c  t r y p a n  

blu e  s o l u t i o n s  a r e  s l i g h t l y  h a e m o l y t i c ;  t h e y  m i g h t  t h u s  be 

e x p e c t e d  to  g i v e  r i s e  to  m i l d  e r y t h r o b l a s t i c  h y p e r p l a s i a .

In g u i n e a - p i g s  th e  g e n e r a l  r e s u l t s  o f  v i t a l  . s t a i n i n g  

more c l o s e l y  r e s e m b le  t h o s e  o f  r a b b i t s  th an  o f  m i c e ,  b u t  the:  

marrow u s u a l l y  c o n t a i n s  l e s s  a d i p o s e  t i s s u e  th an  t h a t  o f  r a b b i t s  

and may be e n t i r e l y  c e l l u l a r .  In  a d d i t i o n  to  v i t a l  s t a i n i n g  o f  

the e n d o t h e l i a l  c e l l s ,  s t e l l a t e  c e l l s  and h i s t i o c y t e s  o f  marrow,

I have  f o u n d  t h a t  t r y p a n  b l u e  p r o d u c e s  i n  g u i n e a - p i g s  a  c e r t a i n  

d eg ree  o f  s t a i n i n g  o f  t h e  f i n e l y  g r a n u l a r  m y e l o c y t e s  and p o ly m o r p h s ,  

but no s u c h  s t a i n i n g  h a s  been  o b s e r v e d  in  t h e  marrow o f  m ic e  or  

r a b b i t s .  In  f i x e d  and s t a i n e d  s e c t i o n s  t h e  m y e l o c y t e s  f r e q u e n t l y  

e x h i b i t  d i f f u s e  b l u e  c o l o u r a t i o n  o f  t h e i r  c y t o p l a s m ,  b u t  i n  

f r e s h  p r e p a r a t i o n s ,  t h e  s t a i n i n g  a p p e a r s  to  be f i n e l y  g r a n u l a r .

The po lym orp hs  i n  s e c t i o n s  o f  t h e  marrow and i n t e r n a l  o r g a n s  

from s u c h  a n i m a l s  e x h i b i t  f i n e  b r i g h t  b l u e  g r a n u l a t i o n s .  I  have  

n o t e d  t h a t  t h i s  s t a i n i n g  o f  t h e  m y e l o i d  c e l l s  i s  o b s e r v e d  o n l y  

when th e  a n i m a l s  a r e  k i l l e d  a t  a t im e  when t h e r e  i s  abundant dye 

in  t h e  b l o o d  plasm a and t i s s u e  f l u i d s ,  and i t  i s  p o s s i b l e  t h a t
^  j /  _________________________
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i t  r e p r e s e n t s  a n  a g o n a l  phenomenon s i m i l a r  t o  t h o s e  o b s e r v e d  

b y  G ro ss  ( 1 9 1 1 ) .  S e w e l l  ( 1 9 1 8 )  and Cunningham ( 1 9 2 2 )  have  

a l s o  n o t e d  on o c c a s i o n  v i t a l  s t a i n i n g  o f  t h e  s p e c i f i c  g r a n u l e s  

o f  t h e  p o ly m o rp h s  ( s e e  a l s o  p.  241 ) .

The i n t r a v e n o u s  i n j e c t i o n  o f  s u s p e n s o i d  s u b s t a n c e s  

such  a s  i n d i a  i n k  o r  s a c c h a r a t e d  o x i d e  o f  i r o n  l e a d s  to  v i t a l  

s t a i n i n g  o f  t h e  marrow s i m i l a r  to  t h a t  o b t a i n e d  w i t h  s o l u b l e  

d y e s .  As i n  o t h e r  i n t e r n a l  o r g a n s ,  s h o r t l y  a f t e r  i n j e c t i o n  

th e  b l o o d  i n  t h e  v e n o u s  s i n u s o i d s  c o n t a i n s  i n k - s t o r i n g  m o n o n u c le a r  

l e u c o c y t e s ;  t h e s e  d i s a p p e a r  w i t h i n  a  f e w  h o u r s ,  b u t  t h e i r  f a t e  

i s  u n c e r t a i n  th o u g h  i t  i s  p o s s i b l e  t h a t  some may p a s s  i n t o  the  

marrow p u l p  where t h e y  become i n d i s t i n g u i s h a b l e  from t h e  i n k -  

s t o r i n g  h i s t i o c y t e s .  W i t h i n  a  f e w  h o u r s  th e  i n j e c t e d  s u s p e n s o i d  

i s  d e p o s i t e d  i n  t h e  e n d o t h e l i a l  c e l l s  o f  t h e  v e n o u s  s i n u s o i d s  and 

a l s o  i n  c e r t a i n  s p i n d l e  s h a p e d  o r  s t e l l a t e  c e l l s  i n  t h e  i n t e r -  

s i n u s o i d a l  t i s s u e .  A f t e r  24 h o u r s  t h e r e  a r e  a l s o  f o u n d  rounded  

h i s t i o c y t e r l l k e  c e l l s  s i m i l a r  to  t h o s e  d e s c r i b e d  i n  th e  t r y p a n  

b lu e  e x p e r i m e n t s ,  and a f t e r  some d a y s  t h e s e  become more abundant  

w h i l e  t h e  amount o f  p a r t i c u l a t e  m a t t e r  i n  t h e  s i n u s o i d a l  

e n d o t h e l i u m  d i m i n i s h e s .  A f t e r  r e p e a t e d  i n j e c t i o n s  o f  

s u s p e n s o i d s  t h e  amount d e p o s i t e d  i n  t h e  bone marrow i s  i n c r e a s e d ;  

i n  my e x p e r i e n c e  i t  h a s  a lw a y s  b e e n  much l e s s  abu ndan t  i n  the  

mouse th a n  i n  t h e  r a b b i t .  The bone  marrow o f  m ic e  a l s o  seems  

to  f r e e  i t s e l f  o f  t h e  p a r t i c u l a t e  m a t t e r  more r a p i d l y  than  t h a t

o f  r a b b i t s .

I t  i s  a t  f i r s t  d i f f i c u l t  to  r e c o n c i l e  some o f  t h e s e  

e f f e c t s  o f  v i t a l  s t a i n i n g  w i t h  r e c e n t  v i e w s  on t h e  s t r u c t u r e



o f  th e  bone marrow. D r i n k e r ,  D r i n k e r  and Lund ( 1 9 2 2 )  and  Doan  

(1 9 2 2 )  have  c l a i m e d  t h $ t  t h e  c i r c u l a t i o n  o f  t h e  bone marrow i n  

b o t h  b i r d s  and mammals i s  o f  t h e  c l o s e d  t y p e .  Van den S t r i c h t  

(1 8 9 2 )  had p r e v i o u s l y  s u g g e s t e d  t h a t  t h e  c i r c u l a t i o n  i n  a v i a n  marrow 

was o f  c l o s e d  t y p e ,  b u t  b e l i e v e d  t h a t  i n  mammals t h e  open ty p e  was  

p ro b a b ly  t h e  r u l e ,  an o p i n i o n  i n  w h ich  Muir and Drummond ( 1 8 9 3 )  

c o n c u r r e d .  I f  t h e  c a p i l l a r i e s  o f  t h e  marrow e v e r y w h e r e  p o s s e s s  

a c o m p le t e  e n d o t h e l i a l  l i n i n g ,  i t  i s  n e c e s s a r y  to  assum e t h a t  

th ey  a r e  u n u s u a l l y  p e i m e a b l e ,  s i n c e  ev en  p a r t i c u l a t e  m a t t e r  ( i n d i a  

ink) p a s s e s  r e a d i l y  i n t o  t h e  s t e l l a t e  c e l l s  o f  t h e  i n t e r s i n u s o i d a l  

t i s s u e ,  w h ic h  have  g e n e r a l l y  b e e n  assumed to  be t h e  r e t i c u l u m  

c e l l s .  I t  m i g h t  be s u g g e s t e d  t h a t  th e  s t e l l a t e  c e l l s  a r e  n o t  

the  r e t i c u l u m  c e l l s ,  but  a r e  e n d o t h e l i a l  c e l l s  b e l o n g i n g  to  th e  

c o l l a p s e d  i n t e r s i n u s o i d a l  c a p i l l a r i e s  d e s c r i b e d  by Doan (1922)®

This  i s ,  h o w e v e r ,  u n l i k e l y  when 7/e c o n s i d e r  t h a t  t h e  v i t a l l y  s t a i n e d  

s t e l l a t e  c e l l s  a r e  numerous i n  t h e  a c t i v e  h a e m o p o i e t i c  r e g i o n s  

and can be c l e a r l y  s e e n  to  o c c u r  s i n g l y  among f o c i  o f  d e v e l o p i n g  

m y e l o c y t e s  w i t h  no t r a c e  o f  a  c a p i l l a r y  w a l l  o r  d e v e l o p i n g  

e r y t h r o b l a s t s  i n  t h e i r  v i c i n i t y  ( f i g . 54 ) .  F u r t h e r ,  t h e

s t e l l a t e  c e l l s  d e m o n s t r a t e d  by s u s p e n s o i d  p r e p a r a t i o n s  c o r r e s p o n d  

in  e v e r y  v.ay to  t h o s e  shown by t h e  s o l u b l e  d y e s ,  w hich  i t  i s  

g e n e r a l l y  a d m i t t e d  a r e  t a k e n  up b y  th e  r e t i c u l u m  c e l l s .

Cunningham ( 1 9 2 2 )  has  shown t h a t  a p p a r e n t l y  under  th e  i n f l u e n c e  

of  r e s p i r a t o r y  m ovem ents ,  th e  m e s o t h e l i a l  c e l l s  c o v e r i n g  the  

p e r i t o n e a l  s u r f a c e  o f  t h e  diaphragm tak e  i n t o  t h e i r  c y t o p la s m  

f i n e l y  d i v i d e d  p a r t i c u l a t e  m a t t e r  ( i n d i a  i n k ,  e t c . )  w h ich  i s  

t r a n s f e r r e d  to  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 s ;  f i n a l l y
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th e  g r a n u l e s  become f r e e  i n  th e  lumen o f  t h e  l y m p h a t i c  c h a n n e l s  

and p a s s  to  t h e  g l a n d s  i n  t h e  f r e e  s t a t e .  P o s s i b l y  th e  

s i n u s o i d a l  e n d o t h e l i u m  o f  t h e  marrow p o s s e s s e s  s u c h  p e r m e a b i l i t y }  

t h i s  would  e x p l a i n  t h e  f a c t s  o b s e r v e d  w i t h o u t  th e  a s s u m p t i o n  

t h a t  t h e  c i r c u l a t i o n  o f  t h e  marrow i s  o f  open t y p e .  A s i m i l a r  

p e r m e a b i l i t y  o f  th e  s i n u s  e n d o t h e l i u m  o f  lymph g l a n d s  to  

p a r t i c u l a t e  m a t t e r  h a s  a l s o  been  o b s e r v e d ,  b u t  on th e  o t h e r  

hand 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  o f  lymph n o d es  i s  q u i t e  

im perm eable  to  s u c h  s u b s t a n c e s .

Cunningham, S a b in  and Doan (1 9 2 o )  s t a t e  t h a t  red  b lo o d  

c e l l s  and c l a s m a t o c y t e s  ( h i s t i o c y t e s )  a r e  d e r i v e d  from e n d o t h e l i u m  

and t h a t  r e t i c u l u m  c e l l s  g i v e  r i s e  o n l y  to  m o n o c y t e s ,  l y m p h o c y t e s  

and th e  g r a n u l a r  c e l l  s e r i e s .  My own o b s e r v a t i o n s  show t h a t  

f r e e  h i s t i o c y t e s  a r e  formed from  e n d o t h e l i u m ,  b u t  I do n o t  

c o n s i d e r  t h a t  i t  i s  j u s t i f i a b l e  to  deny th e  p a r t i c i p a t i o n  o f  

the  r e t i c u l u m  c e l l s  in  th e  f o r m a t i o n  o f  f r e e  h i s t i o c y t e s .  T h i s  

may o c c u r  t h r o u g h  a  m o n o c y t e - l i k e  s t a g e ,  a s  i n  p e r i t o n e a l  

e x u d a t e s ,  b u t  s t e l l a t e  r e t i c u l u m  c e l l s  may a l s o  draw in  t h e i r  

p r o c e s s e s  a f t e r  i n g e s t i n g  a  l a r g e  amount o f  f o r e i g n  m a t e r i a l  

and may t h u s  become d i r e c t l y  t h e  f r e e  v i t a l l y  s t a i n e d  h i s t i o c y t e s  

s e e n  i n  t h e  i n t e r s t i c e s  o f  t h e  marrow*

oOo



128

LYMPHATIC GLANDS,

The e f f e c t  o f  v i t a l  s t a i n i n g  on t h e  l y m p h a t i c  g l a n d s  

depends  on t h e  n a t u r e  o f  t h e  a g e n t  em ployed and i t s  mode o f  

a d m i n i s t r a t i o n .  T h ese  f a c t o r s  a r e  o f  im p o r t a n c e  i n  t h a t  

t h e y  g o v e r n  t h e  r o u t e  h y  w h ic h  t h e  s u b s t a n c e  r e a c h e s  th e  g l a n d ,  

w hether  by t h e  b l o o d  s t r e a m  o r  b y  t h e  l y m p h a t i c  c h a n n e l s .  I t  

may be s t a t e d  d e f i n i t e l y  t h a t  s t a i n i n g  o f  t h e  g l a n d  s u b s t a n c e  

depends on t h e  p e n e t r a t i o n  o f  t h e  s t a i n  i n t o  th e  lymph s t r e a m ,  

and t h a t  a  s u b s t a n c e  c a p a b l e  o f  s t a i n i n g  t h e  g l a n d  c e l l s  by  

th at  r o u t e  h a s  no e f f e c t  i f  i t  be c o n f i n e d  to  t h e  b l o o d  s t r e a m ,  

e . g .  i n d i a  i n k  a d m i n i s t e r e d  i n t r a v e n o u s l y  to  a  mouse i s  n o t  

s t o r e d  i m m e d i a t e l y  i n  a n y  o f  t h e  l y m p h a t i c  g l a n d s .  I n  th e  

ca se  o f  t h e  v a r i o u s  d y e s t u f f s  u sed  a s  v i t a l  s t a i n s  th e  r e s u l t s  

depend on t h e  above  f a c t o r s .  D y e s  o f  group ( a )  e . g .  tr y p a n  

b l u e ,  v i t a l  new r e d ,  e t c . ,  a r e  r a p i d l y  a b s o r b e d  i n t o  t h e  b lo o d  

s tream a f t e r  i n t r a - p e r i t o n e a l  o r  s u b c u t a n e o u s  i n j e c t i o n  and 

are t h u s  d i s t r i b u t e d  t h r o u g h o u t  t h e  w hole  body .  From th e  

blood  s tr ea m  t h e s e  s u b s t a n c e s  p a s s  r e a d i l y  i n t o  t h e  t i s s u e  lymph,  

so t h a t  t h e i r  a d m i n i s t r a t i o n  by any  r o u t e  i s  soon  f o l l o w e d  by 

the m o s t  w id e s p r e a d  s t a i n i n g  p o s s i b l e .  D y e s t u f f s  o f  g ro u p  (b)  

e »g. i s a m in e  b l u e ,  produce  v e r y  i n t e n s e  s t a i n i n g  o f  t h e  t i s s u e s  

a t  t h e  s i t e  o f  i n j e c t i o n ,  and t h e  l y m p h a t i c  g l a n d s  d r a i n i n g  the  

a r e a  a l s o  become d e e p l y  s t a i n e d ,  but  s i n c e  s p r e a d  o f  t h e  dye  

to  d i s t a n t  s i t u a t i o n s  o c c u r s  o n l y  s l o w l y ,  g l a n d s  n o t  im m e d i a t e l y  

d r a i n i n g  t h e  s i t e  o f  i n j e c t i o n  become s t a i n e d  more s l o w l y  

a n d /



129

and a lw a y s  rem ain  l e s s  d e e p l y  c o l o u r e d  th an  t h o s e  d i r e c t l y  

i m p l i c a t e d .  The s t i l l  more h i g h l y  c o l l o i d a l  d y e s ,  e . g .  b e n z o -  

p u r p u r in  i n  s o l u t i o n ,  a r e  s c a r c e l y  a p p r e c i a b l y  a b s o r b e d  from  

the  s i t e  o f  i n j e c t i o n ;  s t a i n i n g  i s  c o n f i n e d  t o  t h e  r e g i o n a l

ly m p h a t ic  g l a n d s  and i s  s l o w  i n  o n s e t .

The e l e m e n t s  o f  t h e  l y m p h a t i c  t i s s u e  w h ich  r e s p o n d  to

i n t r a - v i t a m  s t a i n i n g  a r e  i d e n t i c a l  w h a t e v e r  be t h e  a g e n t  e m p lo y e d .

With d y e s t u f f s  s u c h  a s  trypam b l u e ,  th e  dye  i n  t h e  lymph e n t e r i n g

the p e r i p h e r a l  s i n u s e s  p e r m e a t e s  th ro u g h  t h e  l y m p h a t i c  p a th w a y s

and a l s o  th r o u g h  t h e  s u b s t a n c e  o f  t h e  c o r t i c a l  n o d e s ,  so t h a t

the s i n u s  e n d o t h e l i u m  and t h e  r e t i c u l u m  c e l l s  have a l m o s t  e q u a l

o p p o r t u n i t y  t o  tak e  i t  up .  t t ra n u la r  d e p o s i t s  o f  d y e s t u f f  do

not a p p e a r  f o r  a b o u t  s i x  h o u r s ,  th o u g h  l o n g  b e f o r e  t h i s  t h e

g la n d s  to  t h e  naked eye  may a l l  a p p ea r  o f  a  d e e p  b l u e  c o j o u r .

The m i c r o s c o p i c  a c c u m u l a t i o n  o f  c y t o p l a s m i c  dye g r a n u l e s  i n c r e a s e s

s t e a d i l y  t h r o u g h o u t  t h e  n e x t  24  h o u r s .  The g l a n d s  d r a i n i n g  an

area i n t o  w h ic h  trypam b l u e  h a s  been i n j e c t e d  s u b c u t a n e o u s l y  or

i n t r a p e r i t o n e a l l y  a r e ,  o f  c o u r s e ,  more d e e p l y  s t a i n e d  th a n  t h o s e

e l s e w h e r e ,  and u n i fo r m  s t a i n i n g  can o n l y  be  s e c u r e d  by i n t r a v e n o u s

i n j e c t i o n .  The a p p e a r a n c e s  produ ced  i n  l y m p h a t i c  g l a n d s  a f t e r

a b s o r p t i o n  o f  t h e  dye i n t o  t h e  g e n e r a l  c i r c u l a t i o n  a s  opposed

to  t h o s e  i n  g l a n d s  d r a i n i n g  an i n j e c t e d ,  a r e a  may, h o w e v e r ,  be

s t u d i e d  in  t h e  a x i l l a r y  g l a n d 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 ;

i t  i s  fou nd  t h a t  s u c h  d i f f e r e n c e s  a s  e x i s t  a r e  q u a n t i t a t i v e

r a t h e r  than q u a l i t a t i v e  and t h e  same e l e m e n t s  a r e  a f f e c t e d  i n

b o th  c a s e s .  W ith  m o d e r a te  d o s e s  o f  t r y p a n  b l u e  o r  i s a m i n e  b lu e  
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i t  i s  p o s s i b l e  t o  d e m o n s t r a t e  a  c o m p le t e  l a y e r  o f  l o n g  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  w h ich  l i n e  t h e  lymph s i n u s e s  o f  t h e  g l a n d ,  w i t h  

t h e i r  t a p e r i n g  p r o c e s s e s  f i l l e d  w i t h  b l u e  g r a n u l e s ,  w h i l e  h e r e  

and t h e r e  one may f i n d  s u c h  c e l l s  r o u n d in g  up and becom in g  

desquamated i n t o  t h e  lumen t o  a p p e a r  a s  f r e e  m a cro p h a g es  ( f i g .  35 ) .

The r e t i c u l a r  e l e m e n t s  o f  t h e  s i n u s e s  and t h o s e  s u p p o r t i n g  th e  

lym p h ocytes  i n  t h e i r  meshwork o f  f i b r i l s  a r e  a l s o  e l e c t i v e l y  

s t a i n e d  and t h e  c y t o p l a s m i c  p r o c e s s e s  w h ich  e x t e n d  a l o n g  th e  

r e t i c u lu m  f i b r i l s  a r e  f i l l e d  w i t h  dye  p a r t i c l e s .

A f t e r  t h e  p r o l o n g e d  s u b c u t a n e o u s  a d m i n i s t r a t i o n  o f  

dyes o f  g rou p  ( b )  e . g .  i s a m i n e  b l u e ,  t h e  number o f  f r e e  m acroph ages  

in the  lumen o f  t h e  s i n u s e s  may be  v e r y  g r e a t ,  and i t  i s  p r o b a b le  

that t h e s e  c e l l s  a r e  p ro d u ced  c h i e f l y  by p r o l i f e r a t i o n  and 

desquam ation  o f  th e  r e t i c u l o - e n d o t h e l i a l  e l e m e n t s  o f  t h e  g l a n d ,  

though some a r e  p r o b a b l y  a l s o  m acrop hages  formed i n  r e s p o n s e  to  

the r e a c t i o n  a t  t h e  s i t e  o f  i n j e c t i o n ,  w hich  have wandered i n  

from t h e  s u b c u t a n e o u s  t i s s u e .  I n  some c a s e s  t h e s e  c e l l s  may 

fu se  to  form s y n c y t i a l  m a s s e s  o f  l a r g e  s i z e  c o n t a i n i n g  many 

n u c l e i  ( f i g . 36 ) .  I t  m u s t  t h e r e f o r e  a l w a y s  be k e p t  i n  mind

in i n t e r p r e t i n g  th e  r e s u l t s  o f  v i t a l  s t a i n i n g  i n  p a t h o l o g i c a l  

e x p e r im e n ts  t h a t  t h e  v i t a l  s t a i n s  t h e m s e l v e s  a r e  c a p a b l e  o f  

Producing p ro n o u n ced  p r o l i f e r a t i v e  c h a n g e s  in  s u s c e p t i b l e  t i s s u e  

e le m e n t .

l^ymphocytes a r e  n e v e r  a f f e c t e d  by any  o f  t h e  t r u e  v i t a l  

s t a i n s ;  t h i s  a p p l i e s  b o t h  to  t h e  s m a l l  l y m p h o c y t e s  and t h e  l a r g e r  

s o - c a l l e d  l y m p h o b l a s t i c  e l e m e n t s  w hich  co m p r ise  th e  " g e rm in a l  
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c e n t r e s "  o f  th e  lymph n o d e s .  A l t h o u g h ,  by t h e  " s u p r a v i t a l "  

s t a i n i n g  t e c h n i q u e  w i t h  n e u t r a l  red  and j a n u s  g r e e n  a s m a l l  

" s e g r e g a t i o n  a p p a r a t u s "  ca n  be  d e m o n s t r a t e d  i n  many l y m p h o c y t i c  

and l y m p h o b l a s t i c  c e l l s  t o g e t h e r  w i t h  v e r y  d i s t i n c t  r o d - l i k e  

m i t o c h o n d r i a ,  t h e s e  c e l l s  so  l o n g  a s  t h e y  m a i n t a i n  t h e i r  norm al  

s i t u a t i o n  and c h a r a c t e r  seem to  be q u i t e  i n d i f f e r e n t  t o  th e  

p r e s e n c e  o f  v i t a l  s t a i n s .  I t  i s  n o t  meant t h e r e b y  to c o n t r a d i c t  

the a s s e r t i o n  made e a r l i e r  t h a t  t h e r e  i s  e v i d e n c e  t h a t  ly m p h o c y t e s  

may become t r a n s f o r m e d  i n t o  p d l y b l a s t s *  t h e  q u e s t i o n  o f  t h e  

r e l a t i o n  o f  t h e  l y m p h o c y t e  t o  t h e  m acrophage  and t h e  o r i g i n  o f  

Maximow's p o l y b l a s t s  w i l l  be  d i s c u s s e d  l a t e r  in  d e a l i n g  w i t h

in f la m m a to ry  c h a n g e s .

I t  h a s  b een  f r e q u e n t l y  o b s e r v e d  i n  c a s e s  where t h e  

l y m p h a t ic  s i n u s o i d s  c o n t a i n  numerous f r e e  m a cro p h a g es  i n  t h e i r  

lumen t h a t  t h e s e  do n o t  a l l  tak e  up t h e  dye w i t h  e q u a l  a v i d i t y ;  

some c e l l s  a r e  fo u n d  to  be l o a d e d  w i t h  dye  g r a n u l e s  w h i l e  o t h e r s  

are a l m o s t  o r  ev en  c o m p l e t e l y  f r e e  from dye th o u g h  t h e i r  c y t o p l a s m  

may e x h i b i t  g r a n u l e s  o f  p ig m en t  o r  o t h e r  i n c l u s i o n s  ( f i g .  35 ) .

T his  o b s e r v a t i o n  i s  i n  a c c o r d a n c e  w i t h  what h a s  b e e n  d e s c r i b e d  

e a r l i e r  ( s e e  p .  71 ) i n  c o n n e c t i o n  w i t h  t h e  h i s t i o c y t e s ,  v i z .

t h a t  c e l l s  a l r e a d y  e n g o r g e d  w i t h  one s u b s t a n c e  may be a t  l e a s t  

t e m p o r a r i l y  i n c a p a c i t a t e d  from t a k i n g  up o t h e r  s u b s t a n c e s

p r e s e n t e d  to  them.

A rem ark ab le  d e m o n s t r a t i o n  o f  t h e  d i f f e r e n t  f u n c t i o n a l  

c a p a c i t i e s  o f  e n d o t h e l i u m  i s  a f f o r d e d  by t h e  d i f f e r e n t  r e a c t i o n  to  
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v i t a l  s t a i n s  shown b y  t h e  e n d o t h e l i u m  l i n i n g  th e  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  c h a n n e l s  and t h a t  o f  t h e  s i n u s  e n d o t h e l i u m .

The t r a n s i t i o n  i s  a b r u p t ;  th e  e n d o t h e l i u m  o f  th e  lymph  

c h a n n e l s  r e m a in s  q u i t e  f r e e  fro m  m i c r o s c o p i c a l l y  v i s i b l e  dye  

d e p o s i t s  e x c e p t  i n  r a r e  i n s t a n c e s ,  w h i l e  th e  e n d o t h e l i u m  l i n i n g  

th e  s i n u s e s  o f  t h e  g l a n d  s t a n d s  o u t  p r o m i n e n t l y  w i t h  more plump 

l i n i n g  c e l l s  whose  e v e r y  p r o c e s s  i s  f i l l e d  w i t h  dye g r a n u l e s .  

Downey ( 1 9 2 2 )  and Maximow ( 1 9 2 7 )  have  r e c e n t l y  d e n i e d  t h a t  the  

l i n i n g  c e l l s  o f  t h e  l y m p h a t i c  pathways  i n  t h e  g l a n d s  a r e  t r u e  

e n d o t h e l i a l  c e l l s ,  and c o n s i d e r  t h a t  t h e y  s h o u l d  be r e g a r d e d  a s  

r e t i c u l u m  c e l l s ,  b o t h  from t h e  e m b r y o l o g i c a l  and p h y s i o l o g i c a l  

s t a n d p o i n t .

I t  h a s  p r e v i o u s l y  b e e n  n o t e d  t h a t  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  s u s p e n s o i d  p r e p a r a t i o n s  s u c h  a s  i n d i a  i n k  l e a d s  to  

no g e n e r a l i s e d  v i t a l  s t a i n i n g  o f  l y m p h a t i c  g l a n d s ,  b u t ,  i f  

l e a k a g e  fro m  t h e  i n j e c t e d  t a i l  v e i n  o c c u r ,  o r  i f  t h e  i n k  s u s p e n s o i d  

be i n j e c t e d  b y  m i s t a k e  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 ,  th e  

l y m p h a t ic  g l a n d s  a l o n g  t h e  a o r t a  v e r y  r a p i d l y  become i n t e n s e l y  

p ig m en te d .  O c c a s i o n a l l y ,  when v e r y  l a r g e  d o s e s  o f  in k  o r  i r o n  

o x id e  h a v e  b een  i n j e c t e d  i n t r a v e n o u s l y ,  d e p o s i t i o n  o f  th e  i n j e c t e d  

s u b s t a n c e  h a s  b een  o b s e r v e d  on the  w a l l s  o f  t h e  b lo o d  c a p i l l a r i e s  

which perm eate  t h e  g l a n d ,  b u t  t h i s  phenomenon i s  m e r e l y  p a r t  o f  

a g e n e r a l  p r o c e s s  b y  w h ich  p a r t i c u l a t e  m a t t e r  t e n d s  to  s e t t l e  

o u t  o f  t h e  b l o o d  s t r e a m  and i s  fou nd  on th e  c a p i l l a r y  w a l l s  i n  

p a r t s  o f  t h e  body  a s h o r t  t im e a f t e r  i n j e c t i o n .  T h is

d e p o s i t i o n  d o e s  n o t  p e r s i s t ,  h o w e v e r ,  and th e  s u s p e n s o i d  m a t e r i a l
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i s  r a p i d l y  removed and c o l l e c t s  in  t h e  c h i e f  o r g a n s  o f  s t o r a g e ,  

i . e .  t h e  l i v e r ,  s p l e e n  and bone marrow. O c c a s i o n a l l y ,  h o w e v e r ,  

t h e r e  i s  a c t u a l  p h a g o c y t o s i s  o f  t h e  d e p o s i t e d  ca rb o n  o r  i r o n  

p a r t i c l e s  b y  t h e  c a p i l l a r y  e n d o t h e l i u m .  When t h i s  o c c u r s  t h e  

e n d o t h e l i a l  c e l l s  do n o t  seem to  p e r s i s t  i n  t h e  v e s s e l  w a l l  

but e i t h e r  d esq u a m a te  i n t o  th e  b lo o d  s t r e a m  or  m i g r a t e  ou tw a rd s  

th rou gh  t h e  c a p i l l a r y  w a l l  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 .  

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  i n d i a  i n k  l e a d s  to  v e r y  r a p id  

s t a i n i n g  o f  t h e  a n t e r i o r  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  lymph 

g l a n d s ,  w h i l e  a f t e r  s u b c u t a n e o u s  a d m i n i s t r a t i o n  t h e  r e g i o n a l  

g l a n d s ,  a x i l l a r y  and i n g u i n a l ,  become r a p i d l y  s t a i n e d .  I t  h a s  

been o b s e r v e d ,  h o w e v e r ,  t h a t  th e  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  

i n d i a  i n k  may l e a d  to  p i g m e n t a t i o n  o f  t h e  m e d i a s t i n a l  g l a n d s ,  

p a r t i c u l a r l y  t h o s e  around  t h e  r o o t  o f  t h e  l u n g s ,  b u t  t h i s  d o e s  

not i n v a l i d a t e  t h e  p r e v i o u s  g e n e r a l i s a t i o n .  The e v i d e n c e  i s  

s t r o n g l y  in  f a v o u r  o f  t h e  v i e w  t h a t  i n  t h i s  c a s e  c e l l s  l a d e n  

w ith  p igm en t  have  been  removed from th e  c i r c u l a t i o n  by t h e  l u n g s ,  

and have  t h e n c e  m i g r a t e d  a l o n g  th e  lymph pathways  t o  t h e  r e g i o n a l  

g l a n d s .

When i n d i a  i n k  p a r t i c l e s  r e a c h  th e  g l a n d  v i a  t h e  lyr^ph 

s t r ea m ,  t h e  e n d o t h e l i a l  c e l l s  behave  j u s t  l i k e  tne  K u p f f e r  c e l l s  

° f  t h e  l i v e r *  i n k  p a r t i c l e s  e n t e r  i n t o  t h e  c e l l s  much more  

r a p i d l y  than  t h e  s o l u b l e  d y e s  and a p p e a r  w i t h i n  t h e  c y t o p l a s m  

in  a  f e w  m i n u t e s  ev en  when the  s u s p e n s i o n  u sed  c o n s i s t s  

s x c l u s i v e l y  o f  p a r t i c l e s  whose  s i z e  i s  a t  th e  l i m i t  o f  

v i s i b i l i t y .  T h i s  f a c t o r  comes i n t o  p l a y  in  t h e  d e v e lo p m e n t  

o f /  ________________________________
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o f  v i t a l  s t a i n i n g  i n  l y m p h a t i c  t i s s u e  and t h u s  th e  p a r t i c l e s  

w i t h i n  a  f e w  m i n u t e s  o f  t h e i r  e n t r y  i n t o  t h e  g l a n d  a r e  a t t r a c t e d  

to and i n g e s t e d  by t h e  f r e e  m a cro p h a g es  and s i n u s  e n d o t h e l i t a n  

and in  a  s h o r t  t i m e ,  i f  more i n k  p a r t i c l e s  r e a c h  t h e  g l a n d ,  t h e  

e n t i r e  l i n i n g  o f  t h e  lymph pathways  th r o u g h  th e  g l a n d  from  

p e r i p h e r y  to  m e d u l l a  becom es  o u t l i n e d  i n  b l a c k  ( f i g .  37 ) .  The

r e t i c u l u m  c e l l s  i n  t h e  c o r t i c a l  lymph n o d e s  a r e  p r o b a b l y  j u s t  a s  

ca p a b le  o f  i n g e s t i n g  th e  i n k  p a r t i c l e s  i f  t h e  o p p o r t u n i t y  be 

a f f o r d e a  th em ,  b u t  ow ing  to  t h e  b a r r i e r  o f  t h e  s i n u s  e n d o t h e l i u m ,  

which f i l t e r s  o u t  a l m o s t  a l l  th e  c a r b o n ,  t h e s e  r e t i c u l u m  c e l l s  

n ever  become a s  e n g o r g e d  a s  t h e  s i n u s  c e l l s .

S a c c h a r a t e d  o x i d e  o f  i r o n  and b e n z o p u r p u r in  i n  

s u s p e n s o i d  form a r e  d i s t r i b u t e d  i n  the  same way a s  i n d i a  i n k ,  and 

f a i l  t o  s t a i n  t h e  l y m p h a t i c  g l a n d s  i m m e d i a t e l y  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 .  As a  r e s u l t  o f  f u r t h e r  ch a n g es  i n  t h e  body r e d i s t r i b u 

t io n  o f  t h e s e  s u b s t a n c e s  o c c u r s  and t h e y  a r e  s u b s e q u e n t l y  l a i d  

down i n  t h e  l y m p h a t i c  g l a n d s  i n  a  manner s i m i l a r  to  t h e  s o l u b l e  d yes„

0 O 0
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The s t r u c t u r e  o f  t h e  omentum v a r i e s  c o n s i d e r a b l y  i n  

d i f f e r e n t  a n i m a l s ,  b u t  t h e  v a r i a t i o n s  a r e  q u a n t i t a t i v e  r a t h e r  

than  q u a l i t a t i v e ,  and i n  s p i t e  o f  t h e  a p p a r e n t  d i s s i m i l a r i t y  

the  o rg a n  p r e s e n t s  t h e  same e s s e n t i a l  h i s t o l o g i c a l  f e a t u r e s  

in  a l l  t h e  mammals w h ic h  I  have  s t u d i e d .  S t r u c t u r a l l y  t h e  

omentum c o n s i s t s  o f  a  fram ework o f  c o n n e c t i v e  t i s s u e  c a r r y i n g  

a r i c h  p l e x u s  o f  b l o o d  and l y m p h a t i c  v e s s e l s  e n c l o s e d  b e t w e e n  

two s h e e t s  o f  m e s o t h e l i a l  c e l l s . ' *  Over t h e  main  t r a b e c u l a e  

of t h e  omentum t h e  m e s o t h e l iu m  form s  a  c o n t i n u o u s  s h e e t ,  b u t  

between t h e s e  s t r a n d s  t h e  o rg a n  p r e s e n t s  t h e  s t r u c t u r e  o f  a  n e t ,  

the  c o r d s  and i n t e r s e c t i o n s  o f  w h ic h  a r e  c l o t h e d  on a l l  s i d e s  

by m e s o t h e l i a l  c e l l s . 1 A lo n g  t h e  main  v e s s e l s  a d i p o s e  t i s s u e  

t e n d s  t o  a c c u m u la t e  i n  w e l l  n o u r i s h e d  a n i m a l s ,  w h i l e  from  t h e  

main t r u n k s  numerous s m a l l  v e s s e l s  and c a p i l l a r i e s  a r i s e  and 

form a  c o m p l i c a t e d  a n a s t o m o t i c  n e tw o r k  around  and t h r o u g h o u t  t h e  

s tr a n d s  o f  t h e  f r a m e w o r k ^ l g ’The l a r g e r  b l o o d  v e s s e l s  a r e  g e n e r a l l y  

accompanied b y  l y m p h a t i c  v e s s e l s  w h ic h  d r a i n  i n t o  t h e  lymph n o d es  

a lo n g  t h e  s to m a ch  and c o l o n .  The m e s e n t e r y  i s  o f  s i m i l a r  

s t r u c t u r e  b u t  t h e r e  a r e  no n e t - l i k e  p o r t i o n s  and t h e  membranes  

form a  t h i n  c o n t i n u o u s  s h e e t .  I n  many a n im a l s  h i s t i o c y t e s  

t e n d  t o  be  a g g r e g a t e d  p a r t i c u l a r l y  i n  t h e  n e ig h b o u r h o o d  o f  

v e s s e l s /

* In  o r d e r  t o  a v o i d  c o n f u s i o n  w i t h  t h e  c e l l s  l i n i n g  b l o o d  or  
lymph v a s c u l a r  c h a n n e l s  t h e  term " e n d o t h e l iu m ” w i l l  be  
r e s t r i c t e d  t o  t h e  l a t t e r  e l e m e n t s ,  w h i l e  t h e  s e r o s a l  l i n i n g  
c e l l s  o f  t h e  p e r i t o n e u m  and p l e u r a e  w i l l  be r e f e r r e d  t o  a s  
"m esothe l iu m ". '
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v e s s e l s  and n e r v e s ,  where  t h e y  a r e  i n c l u d e d  w i t h i n  t h e  term  

" a d v e n t i t i a l  c e l l s "  (Marchand 1 8 9 8 ).' Many o f  t h e s e  a d v e n t i t i a l  

c e l l s  a r e  s m a l l  and rou n d  w i t h  d a r k l y  s t a i n i n g  n u c l e i  and c l o s e l y  

r e s e m b le  ly m p h o cy te s .^  Among t h e s e  a r e  a  f e w  l a r g e r  c e l l s  w i t h  

p a l e r  s t a i n i n g  n u c l e i  whose  p r o t o p l a s m  a t  t h e  p e r i p h e r y  fo r m s  

b l u n t  p s e u d o p o d s .  The l a t t e r  a r e  t h e  f u l l y  d e v e l o p e d  h i s t i o 

c y t e s ,  t h e  f o r m e r  a r e  b e l i e v e d  t o  be r e s e r v e s  o f  p r i m i t i v e  c e l l s ,  

but i n t e r m e d i a t e  form s  a r e  o f  f r e q u e n t  o c c u r r e n c e . '  In  t h e  

omentum and m e s e n t e r y  t h e s e  a d v e n t i t i a l  c e l l s  a r e  more numerous  

than  e l s e w h e r e ,  and i n  r o d e n t s  t h e y  form e s p e c i a l l y  p r o n o u n c ed  

p e r i v a s c u l a r  a g g r e g a t i o n s .  In  t h e  r a b b i t  and mouse l a r g e  

c o l l e c t i o n s  o f  t h e s e  c e l l s  a l s o  o c c u r  s c a t t e r e d  t h r o u g h o u t  t h e  

omenta l  and m e s e n t e r i c  t i s s u e s  w i t h o u t  r e l a t e d  b l o o d  v e s s e l s  

but f r e q u e n t l y  c o n n e c t e d  w i t h  t h e  f i n e r  l y m p h a t i c  c h a n n e l s ;  t h e s e  

form t h e  s o - c a l l e d  "t a c h e s  l a i t e u s e s ". ( f ig s .  40,41,42)

I t  i s  e s s e n t i a l ,  i n  o r d e r  t o  s t u d y  t h e  p r o c e s s  o f  v i t a l  

s t a i n i n g  i n  t h e  norm al  omentum and m e s e n t e r y ,  t h a t  i n t r a v e n o u s  or  

su b cu ta n eo u s  b u t  n o t  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  be  u s e d . ! The 

i n t e n s i t y  o f  t h e  s t a i n i n g  o f  t h e  omentum i n c r e a s e s  w i t h  s u c c e e d i n g  

d o se s  o f  d y e ,  and t h i s  i n c r e a s e  i s  due n o t  m e r e l y  t o  t h e  g r e a t e r  

dye c o n t e n t  i n  i n d i v i d u a l  c e l l s  b u t  a l s o  t o  t h e  g r e a t e r  number o f  

c e l l s  p a r t i c i p a t i n g  i n  t h e  s t a i n i n g .  The l a r g e r  t y p e  o f  c e l l ,  

t h e  h i s t i o c y t e  o r  " t r a i l e r "  c e l l  o f  B u x to n  and Torry  ( 1 9 0 6 ) ,  shows  

v i t a l  s t a i n i n g  f i r s t ,  b u t  w i t h  i n c r e a s i n g  d o s a g e  some o f  t h e  

i n t e r m e d i a t e  c e l l s  b e g i n  t o  t a k e  up t h e  d y e ,  and a f t e r  i n t e n s e

s t a i n i n g  e v e n  some o f  t h e  s m a l l  c e l l s  a r e  s t a i n e d  w h i l e  t h e  

number o f  s t a i n e d  c e l l s  o f  i n t e r m e d i a t e  s i z e  i s  i n c r e a s e d .  In  

my/
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my o p i n i o n  t h e r e f o r e  t h e  l a r g e  c e l l s  a r i s e  by d i f f e r e n t i a t i o n  

from t h e  s m a l l e r  c e l l s  s i t u a t e d  i n  t h e  t a c h e s  l a i t e u s e s  and  

around t h e  v e s s e l s ,  and t h i s  d e v e lo p m e n t  i s  a c co m p a n ie d  by  an  

i n c r e a s e d  a v i d i t y  f o r  v i t a l  s t a i n s . 1 The number o f  f u l l y  

d i f f e r e n t i a t e d  h i s t i o c y t e s  i n  t h e  omentum a t  any t i m e  i s  a n  i n d e x  

of t h e  f u n c t i o n a l  n e e d  f o r  s u c h  c e l l s  and a s  w i l l  be  s e e n  l a t e r  

t h e i r  number becom es  e n o r m o u s ly  i n c r e a s e d  i n  in f la m m a t o r y  

c o n d i t i o n s  o f  t h e  p e r i t o n e a l  c a v i t y . ’ The u n d i f f e r e n t i a t e d  c e l l s  

are m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  from  l y m p h o c y t e s  e x c e p t  

perhaps i n  t h e i r  m i t o c h o n d r i a ,  w h ich  a r e  more numerous and more 

s c a t t e r e d  i n  t h e  c y t o p l a s m .  I t  seems u n n e c e s s a r y  t o  d e s i g n a t e  

t h e s e  c e l l s  b y  a n o t h e r  name and we s h a l l  t h e r e f o r e  r e f e r  t o  them  

as l y m p h o c y t e s . 4

The e n d o t h e l i a l  c e l l s  o f  t h e  b l o o d  and lymph c a p i l l a r i e s  

e x h i b i t  o n l y  m in u te  g r a n u l e s  o f  d ye ,  w h ic h  a r e  b e s t  s e e n  b y  exam in

ing s m a l l  p o r t i o n s  o f  t h e  t i s s u e  i n  t h e  f r e s h  s t a t e ,  a s  t h e y  may 

be no l o n g e r  v i s i b l e  i n  f i x e d  and c o u n t e r s t a i n e d  p r e p a r a t i o n s .*

They a r e  fo u n d  w i t h  d y e s  o f  group ( a ) ,  w h i l e  a f t e r  t h e s e  o f

group ( b )  g r a n u l e s  a r e  g e n e r a l l y  a b s e n t .  The f i b r o c y t e s  o f

the  a r e o l a r  t i s s u e  b e t w e e n  t h e  m e s o t h e l i a l  l a y e r s  c o n t a i n  s m a l l e r

and more u n i f o r m  g r a n u l e s  t h a n  t h e  h i s t i o c y t e s  and a r e  m o r p h o l o g i c a l l y

s i m i l a r  t o  t h o s e  a l r e a d y  d e s c r i b e d  i n  t h e  s u b c u t a n e o u s  t i s s u e .

The 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 s  s t o r e  

t h e  v i t a l  s t a i n  i n  a  c h a r a c t e r i s t i c  manner.’ I n t r a c e l l u l a r  dye  

g r a n u l e s  a p p ea r  f i r s t  i n  a  s m a l l  group n e a r  t h e  n u c l e u s ,  and a s

s t a i n i n g  p r o c e e d s ,  t h e  number o f  g r a n u l e s  i n c r e a s e s  and t h e  group  
a ssu m es /
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assumes t h e  sh a p e  o f  a  s m a l l  c r e s c e n t  a t  one s i d e  o f  t h e  n u c l e u s .
( f i g .  43)

In v e r y  d e e p l y  s t a i n e d  a n i m a l s  t h i s  may e x t e n d  f u r t h e r  and  form  

a c o m p le te  r i n g  o f  s m a l l  d e e p l y  s t a i n e d  g r a n u l e s  e n c i r c l i n g  t h e  

n u c l e u s . 1 T h ese  m e s o t h e l i a l  g r a n u l e s  a r e  more abu ndan t  and a r e  

l a r g e r  w i t h  d y e s  o f  group ( a )  t h a n  w i t h  t h o s e  o f  group ( h ) .

As we h a v e  s e e n  e l s e w h e r e  t h e  d e m a r c a t i o n  o f  c e l l  t y p e s  i s  r a t h e r  

l e s s  s e l e c t i v e  w i t h  t h e  f o r m e r  t h a n  w i t h  t h e  l a t t e r  c l a s s  o f  d y e s . 1 

I t  i s  a l s o  n o t e w o r t h y  t h a t  t h e  d e g r e e  o f  s t a i n i n g  i n  t h e  m e s o t h e l i a l  

c e l l s  v a r i e s  i n  d i f f e r e n t  s i t u a t i o n s . 4 The i n t r a c e l l u l a r  aye  

g r a n u le s  a r e  l e a s t  abundant  o v e r  t h e  b o w e l  and m ost  abundant  on  

the s u r f a c e  o f  t h e  s p l e e n  and o v a r y  ( f o r  d e t a i l s  s e e  Cunningham 

1 9 2 2 ).

I t  h a s  a l r e a d y  b e e n  p o i n t e d  o u t  t h a t  s u s p e n s o i d  s u b s t a n c e s

i n j e c t e d  i n t r a v e n o u s l y  a r e  a t  f i r s t  c o n f i n e d  t o  t h e  b l o o d  v a s c u l a r

c h a n n e ls  and a r e  t a k e n  up by  t h e  c e l l s  l i n i n g  them i n  c e r t a i n

s i t u a t i o n s  and b y  a  v a r y i n g  number o f  t h e  c i r c u l a t i n g  m o n o cy te s

and p o ly m o r p h s .  W i t h i n  a  few  m i n u t e s  o f  t h e  i n j e c t i o n  o f  i n d i a

ink, c a r b o n  p a r t i c l e s  may be f o u n d  a d h e r i n g  t o  t h e  w a l l s  o f  th e

c a p i l l a r i e s  o f  t h e  omentum and m e s e n t e r y  j u s t  a s  t h e y  do e l s e w h e r e ,

t u t  i t  i s  n o t  c e r t a i n  t h a t  any t r u e  p h a g o c y t o s i s  o c c u r s .  A f t e r

tw en ty  f o u r  h o u r s  an o c c a s i o n a l  a d v e n t i t i a l  c e l l  w i l l  be  fo u n d

w i t h  i n g e s t e d  i n k  g r a n u l e s ,  and d u r in g  t h e  n e x t  f e w  days  in k

c o n t a i n i n g  c e l l s  i n c r e a s e  i n  number and a p p ea r  e v e n  i n  t h e

a v a s c u l a r  t a c h e s  l a i t e u s e s . -  These  c e l l s  become more numerous

i f  r e p e a t e d  i n j e c t i o n s  o f  i n d i a  in k  a r e  g i v e n  o v e r  a  l o n g  p e r i o d ,  

and/-
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we have  observed ,  t h a t  t h e y  a r e  r e l a t i v e l y  more num erous  i n
( f i g s .  39 ,40)

r a b b i t s  th a n  i n  m i c e .  E v en  when f i r s t  o b s e r v e d  t h e  i n k  b e a r i n g  

c e l l s  a p p ea r  to  be  i n  t h e  norm al  r e s t i n g  c o n d i t i o n  w i t h  

e x te n d e d  p s e u d o p o d i a ,  and i t  i s  d i f f i c u l t  t o  u n d e r s t a n d  how 

the c a r b o n  p a r t i c l e s  r e a c h  them. I t  i s  p o s s i b l e  t h a t  some o f  

th e s e  c e l l s  may b e  m i g r a t e d  i n k - c o n t a i n i n g  m o n o c y t e s  or  

c a p i l l a r y  e n d o t h e l i a l  c e l l s  a s  F o o t  ( 1 9 2 1 )  s u g g e s t s .  On t h e  

o t h e r  hand i f  s u c h  m i g r a t i o n  o c c u r r e d ,  one would  e x p e c t  t o  f i n d  

e a s i l y  i n  s p r e a d  p r e p a r a t i o n s  s t a i n e d  c e l l s  w i t h i n  t h e  s m a l l e s t  

v e s s e l s  and i n  p r o c e s s  o f  l e a v i n g  them. I n  my e x p e r i e n c e  su ch  

a p p e a r a n c e s  a r e  c o n s p i c u o u s l y  a b s e n t .  F u r t h e r  t h e  s t a i n e d  c e l l s  

seen  i n  t h e  t i s s u e s  do n o t  a p p ea r  t o  be  i n  a m o b i l e  s t a t e .  

A c c o r d i n g l y  i t  i s  s u g g e s t e d  t h a t  t h e  c a p i l l a r y  w a l l s  i n  t h e  

m e s e n t e r y  and omentum a r e  more perm ea b le  than  t h o s e  o f  th e  

g e n e r a l  a r e o l a r  t i s s u e  and p e r m i t  t h e  p a s s a g e  o f  v e r y  f i n e l y  

d i v i d e d  p a r t i c u l a t e  m a t t e r ,  j u s t  a s  i n  t h e  bone marrow.  

S a c c h a r a te d  o x i d e  o f  i r o n  * t  f i r s t  b e h a v e s  i n  a  manner  s i m i l a r  

to i n d i a  i n k ,  and i r o n  c o n t a i n i n g  c e l l s  a r e  fo u n d  s c & t t e r e d  

t h ro u g h o u t  t h e  m a s s e s  o f  a d v e n t i t i a l  c e l l s  w i t h i n  8 h o u r s  o f  

a s i n g l e  i n j e c t i o n .  L a t e r ,  h o w e v e r ,  t h e  d i s t r i b u t i o n  o f  i r o n  

in  t h e  t i s s u e s  b e c o m e s  a l t e r e d  and t h e s e  l a t e r  c h a n g e s  w i l l  be  

d i s c u s s e d  l a t e r .

oOo
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The s u p r a r e n a l  g l a n d s  a r e  much l e s s  a c t i v e  i n  t h e i r  r e a c t i o n  

to v i t a l  s t a i n s  t h a n  t h e  l i v e r ,  s p l e e n ,  marrow or  l y m p h a t i c  

glands .  D yes  o f  group ( a )  e . g .  t r y p a n  b l u e ,  a c c u m u la t e  w i t h i n  

the e n d o t h e l i a l  c e l l s  o f  t h e  c a p i l l a r i e s  e s p e c i a l l y  i n  t h e  c o r t i c a l  

zone, but  s i m i l a r  c e l l s  th o u g h  f e w e r  i n  number a r e  f o u n d  i n  t h e  

medulla.  Here  t o o  i t  h a s  b e e n  o b s e r v e d  t h a t  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 v a r y  g r e a t l y  i n  t h e  i n t e n s i t y  o f  t h e i r  r e a c t i o n  t o  t h e  

v i t a l  d y e s .  W h i l e  t h e  amount o f  dye  t a k e n  up b y  t h e  s u p r a r e n a l  

e n d o t h e l i a l  c e l l s  i n c r e a s e s  w i t h  i n c r e a s e d  d o s a g e ,  i t  i s  a lw a y s  

l e s s  t h a n  t h a t  i n  t h e  l i v e r  e n d o t h e l i u m  i n  t h e  same a n i m a l ,  and  

thus t h e s e  e l e m e n t s  a p p e a r  t o  o c cu p y  a n  i n t e r m e d i a t e  p o s i t i o n  

between t h e  s o - c a l l e d  " s p e c i f i c  e n d o t h e l i a "  o f  t h e  l i v e r  and marrow 

and th e  g e n e r a l  b l o o d  v a s c u l a r  e n d o t h e l i u m .

The s p e c i f i c  s e c r e t o r y  e l e m e n t s  o f  t h e  s u p r a r e n a l  m e d u l l a  h a v e  

not b e e n  o b s e r v e d  t o  t a k e  up  v i t a l  s t a i n s ,  b u t  i n  t h e  c o r t e x  t h e  

e p i t h e l i a l  c e l l s  o f  t h e  o u t e r  or  g l o m e r u l a r  zone  e x h i b i t  f i n e  

granules  o f  t r y p a n  b l u e .  The i n t e r m e d i a t e  o r  f a s c i c u l a t e  zo n e  

u s u a l l y  c o n t a i n s  p r a c t i c a l l y  no dye g r a n u l e s  b u t  t h e  i n n e r m o s t ' l a y e r  

° f  c e l l s  o f  t h e  zona  r e t i c u l a r i s  a l s o  e x h i b i t  f i n e  v i t a l l y  s t a i n e d  

g r a n u le s ,  b u t  o f  l e s s  i n t e n s i t y  t h a n  t h o s e  o f  t h e  o u t e r  z o n e ?

With i s a m i n e  b l u e ,  on t h e  o t h e r  han d ,  t h e  s i t e  o f  maximum i n t e n s i t y  

of v i t a l  s t a i n i n g  i s  t h e  i n n e r  zo n e  o f  t h e  r e t i c u l a r  l a y e r  o f  t h e  

e° r t e x ,  w h i l e  t h e  o u t e r  or  g l o m e r u l a r  zon e  i s  much l e s s  d e e p l y  

s t a i n e d .  a  s i m i l a r  d i s c r e p a n c y  o f  r e s u l t s  h a s  b e e n  o b s e r v e d  

between/
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between o t h e r  v i t a l  s t a i n s  o f  r a p i d l y  a c t i n g  and s l o w l y  a c t i n g  

type, b u t  t h e  r e a s o n  f o r  t h i s  d i f f e r e n c e  h a s  n o t  b e e n  a s c e r t a i n e d ?  

Sim i lar  r e s u l t s  h a v e  b e e n  o b s e r v e d  i n  r a b b i t s  and g u i n e a - p i g s .

S u s p e n s o i d  s u b s t a n c e s  a r e  s t o r e d  i n  t h e  e n d o t h e l i a l  c e l l s  i n  

a s i m i l a r  manner t o  s o l u b l e  d y e s . '  The e n d o t h e l i u m  l i n i n g  t h e  

c a p i l l a r i e s  o f  t h e  s u p r a r e n a l  i s  com p arab le  t o  t h a t  o f  c e r t a i n  

other o r g a n s ,  e . g ?  t h e  p i t u i t a r y  g l a n d  and k i d n e y ,  e t c . ,  i n  t h a t  

i t  t e n d s  t o  s t o r e  i n d i a  i n k  and o t h e r  s u s p e n s o i d s  f o r  a  s h o r t  p e r i o d  

I ( f i g .  44 ) b u t  r a p i d l y  f r e e s  i t s e l f  and may l a t e r  show b u t  l i t t l e  

trace o f  i n k  i n  any p a r t .  T h i s  e a r l y  d e p o s i t i o n  i s  p a r t i c u l a r l y  

ev ident  i f  v e r y  l a r g e  d o s e s  o f  in k  h a v e  b e e n  a d m i n i s t e r e d  ( f i g .  44 )

| when t h e  e n t i r e  c a p i l l a r y  b ed  o f  t h e  o r g a n  may be  o u t l i n e d  i n  

black g r a n u l e s ?  A f t e r  l a r g e  d o s e s  t h e  amount o f  c a r b o n  p e r s i s t i n g  

in  th e  g l a n d  may be  g u i t e  c o n s i d e r a b l e ,  b u t  i t  i s  a l w a y s  c o n f i n e d  

to t h e  c a p i l l a r y  e n d o t h e l i u m .  The i n k  i s  u s u a l l y  d i s t r i b u t e d  

f a i r l y  r e g u l a r l y  t h r o u g h o u t  t h e  c o r t i c a l  c a p i l l a r i e s ,  w i t h  a 

rather h e a v i e r  d e p o s i t  i n  t h e  o u t e r m o s t  l a y e r s  and to w a r d s  t h e  

j u n c t i o n a l  zon e  w i t h  t h e  m e d u l l a ?  - I n  t h e  m e d u l l a r y  s i n u s o i d s  

the d e p o s i t  o f  c a r b o n  g r a n u l e s  i s  g e n e r a l l y  v e r y  i r r e g u l a r ?

Here and t h e r e  h e a v i l y  la d e n  c e l l s  a re  fou nd  i n  th e  c a p i l l a r y  w a l l s  

while a d ja c e n t  c e l l s  a r e  f r e e ?  E n try  o f  carbon i n t o  th e  s p e c i f i c  

eP i t h e l i a l  c e l l s  o f  th e  c o r t e x  or m ed u lla  h as  n o t  been  o b se rv ed ?

The im m ediate d i s t r i b u t i o n  o f  i r o n  i n  th e  su p r a r e n a l  g la n d

a f t e r  the in tr a v e n o u s  i n j e c t i o n  o f  th e  s a c c h a r a te d  o x id e  i s

s i m i l a r  t o  t h a t  o f  c a r b o n  a s  j u s t  d e s c r i b e d ,  b u t  a p p ea r s  t o  be  

ev en /
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even  more f l e e t i n g . 1 L a t e r ,  when t h e  i r o n  h a s  u n d e rg o n e  c e r t a i n  

t r a n s f o r m a t i o n s  a s  a  r e s u l t  o f  t h e  a c t i o n  o f  p h a g o c y t i c  c e l l s  

e l s e w h e r e ,  i r o n  s t o r a g e  i s  s e e n  i n  t h e  e p i t h e l i a l  c e l l s  i n  a 

manner s i m i l a r  t o  I s a m i n e  b l u e ,  i . e . '  e s p e c i a l l y  i n  t h e  i n n e r  

zone o f  t h e  c o r t e x . 1 ( f i g . 45)

0 O 0
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PITUITARY GLAND.

The b l u e  s t a i n i n g  o f  t h i s  o r g a n  i s  due t o  t h e  

p r e s e n c e  o f  v i t a l l y  s t a i n e d  g r a n u l e s  i n  e n d o t h e l i a l  and  

p e r i v a s c u l a r  c e l l s  and i n  t h e  g l a n d u l a r  e p i t h e l i a l  c e l l s .

V i t a l  s t a i n i n g  o f  t h e  c a p i l l a r y  e n d o t h e l i a l  c e l l s  i s  i r r e g u l a r  

and o n l y  a  few  o f  t h e  l i n i n g  c e l l s  c o n t a i n  b l u e  g r a n u l e s  w h i l e  

t h e  m a j o r i t y  show no t r a c e  o f  t h e  d y e .  The most  h e a v i l y  

s t a i n e d  e l e m e n t s  a r e  l a r g e  s t e l l a t e  c e l l s  w i t h  c o a r s e  i r r e g u 

l a r  b l u e  g r a n u l e s ;  t h e s e  ap p ea r  t o  l i e  j u s t  o u t s i d e  t h e  

c a p i l l a r y  w a l l s  i n  m ost  c a s e s  ( f i g .  4 3 ) ,  and w h i l e  t h e y  have  

b e e n  g e n e r a l l y  r e g a r d e d  a s  a n a l o g o u s  t o  t h e  K u p f f e r  c e l l s  o f  

t h e  l i v e r ,  I  do n o t  c o n s i d e r  t h a t  t h e y  a r e  o f  t h i s  n a t u r e .

I n  my o p i n i o n  t h e s e  c e l l s  b e l o n g  n e i t h e r  t o  t h e  c a p i l l a r y  n o r  

l y m p h a t i c  e n d o t h e l i u m ,  b u t  a r e  p e r i v a s c u l a r  h i s t i o c y t e s  

( a d v e n t i t i a l  c e l l s )  s i m i l a r  t o  t h o s e  i n  t h e  s tro m a  o f  t h e  

p a n c r e a s  and o t h e r  o r g a n s .

C e l l s  w i t h  s t a i n e d  g r a n u l e s  a r e  more abundant  i n  

t h e  a n t e r i o r  t h a n  i n  t h e  p o s t e r i o r  l o b e ;  t h e  g r a n u l e s  o f  t h e  

e p i t h e l i a l  c e l l s  a r e  a s  i n  o t h e r  organs  s m a l l e r  and l e s s  d e e p l y  

s t a i n e d  t h a n  t h o s e  I n  t h e  e n d o t h e l i a l  and p e r i v a s c u l a r  c e l l s .

In  t h e  a n t e r i o r  l o b e  i t  has  n o t  b e e n  d e t e r m i n e d  w h e t h e r  t h e  

v i t a l l y  s t a i n e d  g r a n u l e s  o f  t h e  parenchyme c e l l s  a r e  i n  any  

way r e l a t e d  t o  t h e  s p e c i f i c  e o s i n o p h i l e  and b a s o p h i l e  g r a n u 

l a t i o n s ;  t h e y  app ear  t o  occu r  i n  b o t h  t y p e s  o f  a n t e r i o r  l o b e  

c e l l s  b u t  a r e  l a r g e r  and o f  more i r r e g u l a r  sh ape  t h a n  t h e
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s p e c i f i c  g r a n u l a t i o n s .  In  t h e  p o s t e r i o r  l o b e  or  p a r s  n e r v o s a  

dye  g r a n u l e s  o c c u r  i n  e n d o t h e l i a l  and p e r i v a s c u l a r  c e l l s  a s  

i n  t h e  a n t e r i o r  l o b e  b u t  a r e  more s c a n t y .  The s t a i n i n g  o f  

t h i s  p a r t  o f  t h e  o r g a n  i s  due c h i e f l y  t o  f i n e  i n t r a c e l l u l a r  

g r a n u l e s  i n  i r r e g u l a r  and s t e l l a t e  c e l l s  w h ic h  n o r m a l l y  c o n 

t a i n  y e l l o w i s h  p ig m en t  g r a n u l e s ,  t h e  s o - c a l l e d  g l i a l  c e l l s  o f  

t h e  n e u r o h y p o p h y s i s  (S ch u lem an  1 9 1 2 ;  Rachmanow 1 9 1 3 ) .  The 

s u p e r f i c i a l  b l u e  s t a i n i n g  n o t e d  around t h e  b a s e  o f  i n s e r t i o n  

o f  t h e  h y p o p h y s e a l  s t a l k  i s  due t o  f i n e  dye  g r a n u l e s  i n  t h e s e  

c e l l s  w h ic h  s p r e a d  out  o v e r  t h e  s u r f a c e  o f  t h e  n e r v o u s  t i s s u e  

a t  t h i s  p o i n t  )Rachmanow 1 9 1 3 ) ,  b u t  I  have  o b s e r v e d  t h a t  t h e r e  

i s  a l s o  a  d i f f u s e  b l u e  s t a i n i n g  o f  t h e  u n d e r l y i n g  nervous  

s u b s t a n c e  w h i c h  e x t e n d s  a s h o r t  d i s t a n c e  i n t e r n a l  t o  t h e  l a y e r  

o f  c e l l s  w i t h  s t a i n e d  g r a n u l e s .  The meaning o f  t h i s  d i f f u s e  

s t a i n i n g  has  a l r e a d y  b e e n  d i s c u s s e d  ( s e e  p .  58 ) .
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THYROID AND PARATHYROID GLANDS.

V i t a l  s t a i n i n g  o f  t h e  t h y r o i d  and p a r a t h y r o i d  g l a n d s  i s  

due t o  t h e  p r e s e n c e  o f  s t a i n e d  c e l l s  i n  t h e  s t r o m a  around  t h e  

v e s i c l e s ; ’ No g r a n u l a r  s t a i n i n g  h a s  t e e n  s e e n  i n  t h e  parenchyma  

c e l l s  o f  e i t h e r  g l a n d . 1 The v i t a l l y  s t a i n e d  c e l l s  a p p e a r  t o  

l i e  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  g l a n d  a c i n i ,  b e i n g  

som et im es  c l o s e l y  a p p l i e d  t o  t h e  fo r m e r ;  so m et im es  t o  t h e  

l a t t e r .  W i l l i a m s o n  and P e a r s e  ( 1 9 2 6 ) have  d e s c r i b e d  c e r t a i n  

e n d o t h e l i a l  c e l l s  i n  t h e  t h y r o i d  and p a r a t h y r o i d  a s  p a r t  o f  t h e  

s p e c i a l  l y m p h a t i c  s i n u s o i d  i n  w h ic h  t h e  t h y r o i d  g l a n d  u n i t  l i e s ; *  

They s t a t e  t h a t  t h e  s t a i n i n g  c h a r a c t e r  o f  t h e s e  c e l l s  v a r i e s  

from c o a r s e  g r a n u l a r  b a s o p h i l i a  t o  marked d i f f u s e  a c i d o p h i l i a  

d ep en d in g  on t h e  p h a s e  o f  a c t i v i t y  i n  t h e  a d j a c e n t  t h y r o i d  c e l l s ,  

and t h a t ,  s i n c e  d e l l s  w h ic h  s t o r e  v i t a l  s t a i n s  i n  g r a n u l a r  form  

occur i n  s i m i l a r  s i t u a t i o n s ,  t h e y  a r e  i d e n t i c a l  and ca n  be  

reg a rd ed  a s  a n a l o g o u s  t o  t h e  K u p f f e r  c e l l s  o f  t h e  l i v e r y  

■According t o  my o b s e r v a t i o n s  t h e  v i t a l l y  s t a i n e d  c e l l s  o f  t h e  

t h y r o i d  a r e  n o t  p a r t  o f  t h e  lymph s i n u s  e n d o t h e l i u m  b u t  a r e  

h i s t i o c y t e s  c l o s e l y  a p p l i e d  t o  t h e  b l o o d  or  l y m p h a t i c  

c a p i l l a r y  w a l l s ."

0 O0
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The c o l o u r a t i o n  o f  t h e  t e s t i s  i s  due t o  v i t a l  s t a i n i n g  

o f  g r a n u l a r  t y p e  i n  c e l l s  w h ic h  o c c u r  t h r o u g h o u t  t h e  s t r o m a  

o f  t h e  o r g a n .  I n  t h e  f i b r o u s  t i s s u e  o f  t h e  c a p s u l e  t h e s e  

e l e m e n t s  a r e  u n i f o r m l y  d i s t r i b u t e d  and c o r r e s p o n d  t o  h i s t i o 

c y t e s  e l s e w h e r e ,  b u t  i n  t h e  i n t e r s t i t i & l  t i s s u e  b e t w e e n  t h e  

t u b u l e s  t h e  v i t a l l y  s t a i n e d  c e l l s  a r e  g a t h e r e d  t o g e t h e r  i n  

s m a l l  c l u s t e r s  and so  seem t o  c o r r e s p o n d  t o  t h e  i n t e r s t i t i a l  

c e l l s  o f  t h e  t e s t i s .  The number o f  t h e s e  e l e m e n t s  and  

t h e  i n t e n s i t y  o f  t h e i r  s t a i n i n g  v a r i e s  somewhat i n  d i f f e r e n t  

a n i m a l s ,  b u t  we h a v e  n o t  a t t e m p t e d  t o  c o r r e l a t e  t h e s e  v a r i a t i o n s  

w i t h  c o n d i t i o n s  o f  f u n c t i o n a l  a c t i v i t y  o f  t h e  g e r m i n a l  e p i t h e l i u m  

a s  s u g g e s t e d  b y  G o ld m an n ( ig09 )  and L e o p o ld  ( 1 9 2 1 ) . ! I t  i s  

n o t e w o r t h y ,  h o w e v e r ,  t h a t  t h e  p r e s e n t  s t u d y  d i d  n o t  r e v e a l  

p r a c t i c a l l y  any c e l l s  m o r p h o l o g i c a l l y  r e s e m b l i n g  t h e  i n t e r s t i t i a l  

c e l l s  o f  L e y d i g  i n  w h ic h  v i t a l  s t a i n i n g  o f  c o n s i d e r a b l e  d e g r e e  

was n o t  p r e s e n t . '

Takamori  ( 1 9 2 1 )  c o n s i d e r e d  t h a t  t h e  i n t e r s t i t i a l  c e l l s

were o f  two v a r i e t i e s ,  ( a )  t y p i c a l  h i s t i o c y t e s  w i t h  c o a r s e

v i t a l l y  s t a i n e d  g r a n u l e s ,  and (bt) t h e  t r u e  l i p o i d - c o n t a i n i n g

i n t e r s t i t i a l  c e l l s  o f  L e y d i g  w h ich  a r e  t o  be  d i s t i n g u i s h e d  from

th e  h i s t i o c y t e s  s i n c e  t h e y  s t a i n  v i t a l l y  o n l y  a f t e r  h i g h  d o sa g e

and show o n l y  s c a n t y  f i n e  gran u le s .^  T h i s  d i s t i n c t i o n  i s  n o t ,

h ow ever ,  v a l i d  s i n c e  we know t h a t  h i s t i o c y t e s  e l s e w h e r e  may

a c t i v e l y  s t o r e  l i p o i d  m a t e r i a l  and t h a t  c e l l s  when l o a d e d  w i t h

a  l a r g e  amount o f  one s u b s t a n c e  a s  a  r u l e  f a i l  t o  t a k e  

up/
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up i n t e n s e l y  a n o t h e r  i n j e c t e d  s u b s e q u e n t l y  ( s e e  p .  331 ) .

We do n o t  t h e r e f o r e  c o n s i d e r  t h a t  t h e  i n t e r s t i t i a l  c e l l s  c a n  

be s e p a r a t e d  from  h i s t i o c y t e s  b y  t h i s  c r i t e r i o n .

No v i t a l  s t a i n i n g  i s  f o u n d  i n  t h e  c e l l s  o f  t h e  s e m i n i f e r o u s  

t u b u l e s  e i t h e r  i n  t h e  s p e r m a t o g o n i a  or  i n  t h e  c e l l s  o f  S e r t o l i ,  

though b o t h  o f  t h e s e  e l e m e n t s  c o n t a i n  s m a l l  g r a n u l e s  w h ich  

s t a i n  s u p r a v i t a l l y  w i t h  n e u t r a l  red . '  (Goldmann ( 1 9 0 9 ,  P l a t o ,  

(1897) ,  Gatenby ( 1 9 2 9 ) .

0 O0
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OVARY,

The s u r f a c e  o f  t h e  o v a r y  i s  c o v e r e d  hy a  l a y e r  o f  somewhat  

columnar c e l l s  w h ic h  a r e  d i r e c t l y  c o n t i n u o u s  w i t h  t h e  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 u m ,  and i t  h a s  h e e n  q u e s t i o n e d  ( s e e  G atenh y ,  

i  1916) Cunninghan/ ,1922)  w h e t h e r  t h e  f o r m e r  s h o u l d  he r e g a r d e d  a s  

of m e s o t h e l i a l  o r i g i n  o r  w h e t h e r  t h e y  a r e  t r u e  g e r m i n a l  e p i t h e l i a l  

% c e l l s .  A f t e r  i n t r a p e r i t o n e a l  or  i n t r a v e n o u s  i n j e c t i o n s  o f  

|  trypan b l u e ,  t h e  c u b i c a l  o r  co lumnar c e l l s  c o v e r i n g  t h e  o v a r i a n  

n surface  c o n t a i n  f a i r l y  abundan t  s m a l l  b l u e  g r a n u l e s  s i t u a t e d  

J  c h i e f l y  i n  t h e  d e e p e r  i n f r a n u c l e a r  p a r t  o f  t h e  c e l l s . 1 At t h e  

j  ju n c t io n  w i t h  t h e  p e r i t o n e a l  s e r o s a  t h e  t r a n s i t i o n  t o  f l a t t e n e d  

i c e l l s  o c c u r s  g r a d u a l l y ,  and t h e  amount o f  i n t r a c e l l u l a r  s t a i n i n g  

f also d i m i n i s h e s  a s  t h e  m o rp h o lo g y  o f  t h e  c e l l s  c h a n g e s ,  u n t i l  t h e  

I t y p ic a l  s m a l l  p e r i n u c l e a r  c r e s c e n t s  a r e  f o u n d  ( s e e  p .  138 ) . ;

,|The e v i d e n c e  o f  v i t a l  s t a i n i n g  i s  t h e r e f o r e  i n  f a v o u r  o f  t h e  

I  m e s o t h e l i a l  n a t u r e  o f  t h e  c e l l s  c o v e r i n g  t h e  o v a r i a n  s u r f a c e .1 

f  Throughout t h e  o v a r i a n  s t r o m a  t h e r e  a r e  s c a t t e r e d  v i t a l l y  s t a i n e d  

c e l l s  s o m e t im e s  o c c u r r i n g  i n  s m a l l  c lum p s;  i t  i s  n o t  c l e a r  w h e t h e r  

I these a r e  t h e  s o - c a l l e d  i n t e r s t i t i a l  c e l l s  o f  t h e  o v a r y ,  a n a l o g o u s  

to t h o s e  o f  t h e  t e s t i s ,  or  w h e t h e r  t h e  l a t t e r  a r e  p r e s e n t  i n  

E d i t i o n  t o  t h e  v i t a l l y  s t a i n e d  h i s t i o c y t e s ;  i f  s o  t h e y  a r e  v e r y  

in c o n s p ic u o u s  and we do n o t  c o n s i d e r  t h a t  i t  i s  j u s t i f i a b l e  t o  

regard them a s  s e p a r a t e  e l e m e n t s .  R e c e n t l y  B e n t h i n  ( I 9 2 3 ) h a s  

I e x p ressed  a  s i m i l a r  v i e w .1 The p r i m i t i v e  germ c e l l s  ( p r i m o r d i a l  

I f o l l i c l e s ) and r i p e n i n g  ova show no e v i d e n c e  o f  v i t a l  s t a i n i n g ,  

da mice i n  t h e  l a r g e r  f o l l i c l e s ,  e s p e c i a l l y  t h o s e  n e a r l y  

• i n / 1*’6 ’ f i a e  v i t a i ; L y  s t a i n i n g  g r a n u l e s  a r e  fo u n d  i n  s m a l l  numbers
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in  t h e  i n n e r  z o n e  o f  t h e c a  c e l l s .  I n  t h e s e  c e l l s  t h e  g r a n u l e s  

are l e s s  numerous and a r e  o f  f i n e r  t y p e  t h a n  i n  h i s t i o c y t e s . 1 The 

inner  c e l l s  o f  t h e  c o r p o r a  l u t e a  have  a l s o  h e e n  f o u n d  t o  c o n t a i n  

ra th er  s c a n t y  dye  g r a n u l e s  o f  v e r y  f i n e  t y p e  l i k e  t h o s e  o f  t h e  

su p raren a l  c o r t i c a l  c e l l s .  I n  r a b b i t s  and g u i n e a - p i g s ,  t h e  

f o l l i c l e  c e l l s  show much l e s s  e v i d e n c e  o f  v i t a l  s t a i n i n g  t h a n  i n  

mie4.i

R i b b e r t  ( 1 9 0 4 )  c o n s i d e r e d  t h a t  t h e  v i t a l l y  s t a i n e d  c e l l s  

which he  o b s e r v e d  i n  t h e  f o l l i c l e s  o f  carm ine  s t a i n e d  a n i m a l s  

were m o n o n u c le a r  l e u c o c y t e s  ( h i s t i o c y t e s ) ,  b u t  Goldmann ( 1 9 0 9 ) 

s t a t e s  d e f i n i t e l y  t h a t  t h e  v i t a l l y  s t a i n e d  g r a n u l e s  a r e  p r e s e n t  

iu th e  i n n e r  c e l l s  o f  t h e  t h e c a  i n t e r n a  i n  m a t u r in g  f o l l i c l e s .

Borell  ( 1 9 1 9 ) ,  on t h e  o t h e r  hand,'  c l a i m s  t h a t  v i t a l  s t a i n i n g  i s  

s c a r c e l y  a p p r e c i a b l e  i n  h e a l t h y  m a t u r in g  f o l l i c l e s ,  b u t  becomes  

marked when t h e  ovum d e g e n e r a t e s . '  He r e g a r d s  t h e  v i t a l l y  s t a i n e d  

c e l l s  a s  d e r i v e d  from  t h e  i n n e r  t h e c a  c e l l s  and p o i n t s  o u t  t h a t  

whereas i n  t h e  f o r m a t i o n  o f  c o r p o r a  l u t e a  a f t e r  d i s c h a r g e  o f  t h e  

ovum, t h e  l i p o i d  s t o r i n g  c e l l s  f a i l  t o  t a k e  up c a r m in e ,  i n  a t r e t i c  

f o l l i c l e s  on t h e  o t h e r  hand a f f i n i t y  f o r  t h e  v i t a l  carm ine  s t a i n  

1* c l o s e l y  p a r a l l e l  t o  t h e  i n c r e a s i n g  l i p o i d  i n f i l t r a t i o n  o f  t h e  

theca  c e l l s ; 1 I n  t h e  l a t e r  s t a g e s  o f  i n v o l u t i o n ,  h o w e v e r ,  B o r e l l  

s t a t e s  t h a t  v i t a l l y  s t a i n e d  h i s t i o c y t e s  in v a d e  t h e  i n n e r  zo n e  o f  

the f o l l i c l e  a l o n g  w i t h  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 s  and c a p i l l a r i e s ,  

and t h a t  f i n a l l y  t h e  v i t a l l y  s t a i n e d  c e l l s  o f  d i f f e r e n t  o r i g i n s  

cannot be  d i s t i n g u i s h e d  from one a n o t h e r .  He a l s o  e m p h a s iz e s
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t h a t  w h e r e a s  r a b b i t s  and  m ice  p r e s e n t  s i m i l a r  a p p e a r a n c e s  

t h e r e  a r e  c o n s i d e r a b l e  d i f f e r e n c e s  i n  r a t s  a s  r e g a r d s  t h e  

d i s t r i b u t i o n  o f  v i t a l  s t a i n i n g  i n  t h e  o v a r y .  I n  my e x p e r i e n c e  

v i t a l  s t a i n i n g  o f  t h e  t h e c a  c e l l s  i n  m ice  b y  t r y p a n  b l u e  i s  

not  c o n f i n e d  t o  a t r e t i c  f o l l i c l e s ,  th ough  i t  may be  more 

abundant i n  them; n o r  c a n  t h e  s t a i n e d  c e l l s  be i d e n t i f i e d  

with h i s t i o c y t e s  s i n c e  t h e  m orp h o logy  o f  t h e i r  v i t a l l y  s t a i n e d  

g r a n u l e s  i s  q u i t e  d i f f e r e n t  from  t h o s e  o f  t h e  l a t t e r  t y p e  o f  

ce l l ."  As m e n t i o n e d  p r e v i o u s l y  c e r t a i n  d i f f e r e n c e s  i n  d e g r e e  

of s t a i n i n g  h a v e  b e e n  o b s e r v e d  b e t w e e n  r a b b i t d  and m ice 1; 1

0 O 0
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UTERUS.
K i i

The b i - c o r n u a t e  u t e r u s  o f  t h e  mouse "becomes v e r y  d e e p l y  

o loured  w i t h  a l l  t h e  s o l u b l e  v i t a l  s t a i n s  and f r e q u e n t l y  r e m a in s  

eep ly  s t a i n e d  a f t e r  t h e  r e s t  o f  t h e  b od y  h a s  "become a l m o s t  

r |  com plete ly  d e c o l o r i s e d .  T h i s  i s  due t o  t h e  p r e s e n c e  o f  numerous  

^ h i s t i o c y t e s  i n  t h e  d e e p e r  l a y e r s  o f  t h e  endom etr ium ,  i n  t h e  

,0 in ter m u sc u la r  s t r o m a  and i n  t h e  s u b s e r o u s  c o n n e c t i v e  t i s s u e . 1

)In t h e s e  s i t u a t i o n s  t h e  v i t a l l y  s t a i n e d  c e l l s  o f t e n  form q u i t e  

large m a s s e s ;  t h e y  s t o r e  t h e  s t a i n  w i t h  u n u s u a l  i n t e n s i t y  and  

^ r e ta in  i t  w i t h  p e c u l i a r  t e n a c i t y .  We h a v e  a l s o  o b s e r v e d ,  a s  

iGoldmann ( 1 9 0 9 ) p o i n t e d  o u t ,  t h a t  i f  an a n im a l  p r e v i o u s l y  s t a i n e d  

fbeeomes p r e g n a n t ,  d e c o l o n i s a t i o n  o f  t h e  t i s s u e s  i n  g e n e r a l  seems  

to occur more r a p i d l y  t h a n  u s u a l ,  t h e  dye a p p a r e n t l y  b ecom in g  

[ t r a n s f e r r e d  from  o t h e r  s i t e s  t o  t h e  p r e g n a n t  u t e r u s  w h ic h  becomes  

very d e e p l y  s t a i n e d .  I t  i s  p r o b a b l e  t h a t  t r a n s p o r t  o f  t h e  

® i s  v i a  t h e  b l o o d  and lymph r a t h e r  t h a n  by m i g r a t i o n  o f  s t a i n e d  

e e l lg  from  o t h e r  l o c a l i t i e s . '  The s i t e s  o f  i m p l a n t a t i o n  r a p i d l y  

I  become more d e e p l y  c o l o u r e d  t h a n  t h e  r em a in d e r  o f  t h e  u t e r i n e  w a l l ,  

i and can t h u s  b e  r e c o g n i s e d  a t  a n  e a r l i e r  p e r i o d  th a n  i n  t h e  normal

, animal. T h is  o b s e r v a t io n  may be o f  u se  i n  e x p er im en ta l  

fembryology t o  l o c a t e  th e  s i t e  o f  e a r l y  f e r t i l i s e d  o v a . 1 As 

I P rev io u s ly  m entioned  th e  f o e t u s  does  n o t  sh are  i n  th e  v i t a l  s t a i n i n g  

°£ th e  m other . 1

D e t a i l s  o f  th e  d i s t r i b u t i o n  o f  v i t a l  s t a i n i n g  o f  th e  pregnant  

u teru s  and f o e t a l  membranes are  g iv e n  by Goldmann ( I 9 0 9 ) and W is lo c t i  

( l 9 2 0 ) . i
0 O 0
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In t h e  p a n c r e a s  v i t a l l y  s t a i n e d  g r a n u l e s  a r e  n o t  p r e s e n t  i n

the s e c r e t o r y  c e l l s  e i t h e r  i n  t h e  a c i n i  or  i s l e t s  o f  l a n g e r h a n s .

In th e  i n t e r a c i n o u s  t i s s u e  h i s t i o c y t e s  w i t h  ab u n d an t  dye g r a n u l e s

are p r e s e n t  and a r e  c l o s e l y  a p p l i e d  t o  t h e  b a s a l  membrane o f  t h e

ac in i;  i n  t h e  r e s t i n g  s t a t e ,  t h e i r  e x p a n d ed  p r o c e s s e s  e x t e n d

between n e i g h b o u r i n g  a c i n i  ( f i g . ! 47 ) .  The v i t a l l y  s t a i n e d  c e l l s

can be s e e n  t o  l i e  d e f i n i t e l y  b e t w e e n  t h e  c a p i l l a r y  e n d o t h e l i u m  and

the g l a n d  c e l l s ,  i . e . 1 t h e y  a r e  p e r i v a s c u l a r  h i s t i o c y t e s  and  do n o t

belong t o  t h e  c a p i l l a r y  e n d o t h e l i u m  ( f i g .  47  ) . '  V i t a l l y  s t a i n e d

c e l l s  a r e  more s c a n t y  i n  t h e  i s l e t s  o f  l a n g e r h a n s ,  b u t  a n  o c c a s i o n a l

h i s t i o c y t e  ca n  be  f o u n d  b e t w e e n  t h e  c a p i l l a r i e s  and t h e  i s l e t  c e l l s . '

la s a l i v a r y  g l a n d s  a l s o  v i t a l  s t a i n i n g  i s  c o n f i n e d  t o  t h e

h i s t i o c y t e s  i n  t h e  i n t e r s t i t i a l  t i s s u e v

W hile  s u p r a v i t a l  s t a i n i n g  o f  t h e  p a n c r e a s  h a s  n o t  b e e n

c a r r i e d  o u t  i n  t h e  p r e s e n t  s t u d y ,  i t  d e s e r v e s  m e n t io n  on a c c o u n t

of th e  i m p o r t a n t  r e s u l t s  o b t a i n e d  b y  B e n s l e y  ( 1 9 1 1 ) . '  He showed

that s u p r a v i t a l  s t a i n i n g  w i t h  flanus g r e e n  c o u l d  be u t i l i s e d  t o

demarcate t h e  i s l e t s  o f  l a n g e r h a n s  i n  t h e  p a n c r e a s  o f  g u i n e a - p i g s . '

A s o l u t i o n  o f  f lanus g r e e n  1 - 1 5 , 0 0 0  i n  p h y s i o l o g i c a l  s a l i n e  was

in f lec ted  i n t o  t h e  a o r t a  i m m e d i a t e l y  a f t e r  d e a t h ,  and p e r f u s i o n

was c o n t i n u e d  u n t i l  t h e  p a n c r e a s  was o f  deep b l u e  c o l o u r . '  In

the a b s e n c e  o f  abundant f r e e  o x y g e n ,  t h e  dye r a p i d l y  became.- r e d u c e d

to a  r e d  ( s a f r a n i n )  c o l o u r  b y  t h e  a c t i o n  o f  s u r v i v i n g  t i s s u e s . ’

This  c o l o u r  change  o c c u r r e d  more r a p i d l y  i n  t h e  a c i n o u s  t i s s u e  

than/
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than i n  t h e  i s l e t s ,  and a  s t a g e  was r e a c h e d  a t  w h ic h  t h e  

zymogenous t i s s u e  was s t a i n e d  r e d  w h i l e  t h e  i s l e t s  o f  l a n g e r h a n s  

were o f  deep "blue c o l o u r .  T h i s  d i f f e r e n t i a t i o n  o f  c o l o u r  c o u l d  

he p r e s e r v e d  "by i n j e c t i n g  a  s o l u t i o n  o f  ammonium m o ly h d a t e  v i a  t h e  

ducts .  I t  w as  f o u n d  p o s s i b l e  i n  t h i s  way t o  o b t a i n  s p e c i m e n s  on 

which t h e  t o t a l  number o f  i s l e t s  c o u l d  be  c o u n t e d ,  and B e n s l e y  

s t a t e s  t h a t  t h e  p a n c r e a s  o f  a  g u i n e a - p i g  may c o n t a i n  up td>

56,000 i s l e t s .  N e u t r a l  r e d  may be  u s e d  i n  a  s i m i l a r  way f o r  

th i s  p u r p o s e ,  and B e n s l e y  p o i n t s  o u t  t h a t  when t h i s  dye i s  r e d u c e d  

to a c o l o u r l e s s  compound t h e  c o l o u r  may be r e s t o r e d  by d i r e c t  

o x i d a t i o n  i n  t h e  a i r . : The s t a i n i n g  o f  t h e  p a n c r e a t i c  c e l l s  by

janus g r e e n  and n e u t r a l  r e d  i s  n o t  due t o  c o l o u r a t i o n  o f  

Mitochondria  and s e g r e g a t i o n  a p p a r a t u s ,  b u t  t o  t h e  d i f f u s e  

s t a i n i n g  o f  c y t o p l a s m  and n u c l e i ,  s i m i l a r  t o  t h a t  shown i n  

tig*' 2 , ( s e e  p . ; 48 ) .
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The d e g r e e  o f  v i t a l  s t a i n i n g  o f  t h e  k i d n e y  v a r i e s  

g r e a t l y  w i t h  d y e s  o f  d i f f e r e n t  t y p e s .  D yes  o f  g r o u p  ( a )  e . g .  

tr y p a n  b l u e ,  v i t a l  new r e d ,  l i t h i u m  c a r m i n e ,  e t c .  a r e  e x c r e t e d  

r a p i d l y  b y  t h e  k i d n e y  and  g i v e  r i s e  to  e x t e n s i v e  i n t r a c e l l u l a r  

dye d e p o s i t s .  D y es  o f  g r o u p  ( b ) o f  l e s s  h i g h l y  d i f f u s i b l e  

n a t u r e . s u c h  a s  i s a m i n e  b l u e ,  may be  s c a r c e l y  e x c r e t e d  a t  a l l  

by t h e  k i d n e y s .  A f t e r  a  s i n g l e  i n t r a v e n o u s  i n j e c t i o n  o f  

tryp an  b l u e  o f  t h e  u s u a l  s i z e ,  t h e  dye  a p p e a r s  i n  t h e  u r i n e  i n  

15 m i n u t e s ,  t h e  r e d  i m p u r i t y  be ing, e x c r e t e d  f i r s t .  The maximum 

c o n c e n t r a t i o n  o f  dye  i n  t h e  u r i n e  o c c u r s  d u r i n g  t h e  f i r s t  1 2  

hours  and e x c r e t i o n  c o n t i n u e s  i n  d i m i n i s h i n g  amount d u r i n g  t h e  

n e x t  f e w  d a y s .  A f t e r  a b o u t  t h r e e  h o u r s  c o l o u r e d  g r a n u l e s  

a p p ea r  i n  t h e  c e l l s  n e a r e s t  t h e  g l o m e r u l u s  and  a s  t h e  s t a i n i n g  

i n c r e a s e s  i n  i n t e n s i t y  g r a n u l e s  a p p e a r  i n  c e l l s  f u r t h e r  down t h e  

t u b u l e s ,  u n t i l  u l t i m a t e l y  e v e n  t h e  m e d u l l a r y  p o r t i o n  o f  t h e  p r im a r y  

c o n v o l u t e d  t u b u l e s  c o n t a i n s  d ye  g r a n u l e s .  I n t r a c e l l u l a r  

s t a i n i n g  i n c r e a s e s  i n  i n t e n s i t y  d u r i p g  t h e  f i r s t  4 8 - 9 6  h o u r s ,  

a l t h o u g h  t h e  e x c r e t i o n  o f  dye i s  by t h e n  d i m i n i s h i n g .  Maximal  

i n t r a c e l l u l a r  v i t a l  s t a i n i n g  th en  p e r s i s t s  f o r  s e v e r a l  d a y s ;  

t h e r e a f t e r  i t  g r a d u a l l y  f a d e s ,  t h e  g r a n u l e s  d i s a p p e a r i n g  f i r s t  

from t h e  more d i s t a l  c e l l s  i n  w h ic h  t h e y  l a s t  a p p e a r e d ,  but  

d e c o l o r i s a t i o n  i s  n o t  c o m p le t e  f o r  s e v e r a l  w e e k s .  The v i t a l l y  

s t a i n e d  g r a n u l e s  a p p e a r  f i r s t  i n  t h e  c y t o p l a s m i c  zo n e  be tw een  

the n u c l e u s  and t h e  s o - c a l l e d  b r u s h  b o r d e r  o f  t h e  c e l l s ;  a s  

s t a i n i n g  p r o c e e d s ,  t h e  g r a n u l e s  f u s e  t o g e t h e r  and d ark en  i n  t i n t ;  
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th ey  a l s o  p a s s  d e e p e r  i n t o  th e  c e l l  b o d y ,  u n t i l  i n  v e r y  h e a v i l y  

s t a i n e d  c e l l s  ev en  t h e  b a s a l  p a r t  i s  o c c u p i e d  by l a r g e  d e e p l y  

s t a i n e d  g r a n u l e s .  Von H O l l e n d o r f f  ( 1 9 1 8 )  s t a t e s  t h a t  the  

v i t a l l y  s t a i n e d  g r a n u l e s  a r e  n o t  form ed from t h e  m i t o c h o n d r i a ,  

but a p p e a r  f i r s t  i n  c y t o p l a s m i c  z o n e s  i n  w h ic h  th e  l a t t e r  a r e  

a b s e n t .  M i t o c h o n d r i a  can be d e m o n s t r a t e d  i n  t h e  v i t a l l y  

s t a i n e d  c e l l s ,  a p p a r e n t l y  t a k i n g  no p a r t  i n  th e  f o r m a t i o n  o f  th e  

s t a i n e d  g r a n u l e s .  Ludford (1 9 2 8 )  h a s  r e c e n t l y  c l a i m e d  t h a t  

the  g r a n u l e s  s t a i n e d  by trypan, b l u e  a r e  found i n  c y t o p l a s m i c  

a r e a s  i n  c l o s e  r e l a t i o n s h i p  to  t h e  G o l g i  a p p a r a t u s  and he 

c o n s i d e r s  t h a t  t h i s  s t r u c t u r e  may be  i n t i m a t e l y  c o n n e c t e d  w i t h  

the  a b s o r p t i v e  f u n c t i o n s  o f  t h e  c e l l .  I n  some m i c e ,  t h e  p a r i e t a l  

l a y e r  o f  Bov/man's c a p s u l e  i s  l i n e d  by c u b i c a l  c e l l s  m o r p h o l o g i c a l l y  

r e s e m b l i n g  t h o s e  o f  t h e  p r o x im a l  c o n v o l u t e d  t u b u l e  w i t h  w h ich  

th ey  a r e  c o n t i n u o u s .  These  p a r i e t a l  g l o m e r u l a r  c e l l s  become  

s t a i n e d  in  a  s i m i l a r  manner to  t h e  t u b u l e  c e l l s  ( f i g .  4 9  ) .

The e n d o t h e l i a l  l i n i n g  o f  t h e  g l o m e r u l a r  c a p i l l a r i e s  and th e  

v i s c e r a l  l a y e r  o f  f l a t t e n e d  c o v e r i n g  c e l l s  have  n o t  been  o b s e r v e d  

to s t o r e  s o l u b l e  v i t a l  s t a i n s .  The c e l l s  o f  H e n l e ' s  l o o p s  do 

not  u s u a l l y  s t o r e  tryp an  b l u e ,  l i t h i u m  c a r m in e ,  o r  any o f  th e  

o t h e r  s o l u b l e  s t a i n s  u s e d ,  n o r  h ave  I been  a b l e  t o  r e c o g n i s e  

w i t h  c e r t a i n t y  t h e  p r e s e n c e  o f  v i t a l l y  s t a i n e d  g r a n u l e s  i n  th e  

c e l l s  o f  t h e  d i s t a l  c o n v o l u t e d  t u b u l e s ,  a f t e r  t h e  u s u a l  d o s e s .

In v e r y  i n t e n s e l y  s t a i n e d  a n i m a l s ,  h o w e v e r ,  t i n y  g r a n u l e s  may 

occur  in  t h e s e  s i t u a t i o n s ,  b u t  t h e y  a r e  so s c a n t y  and  so m in u te  

th a t  t h e y  a r e  o n l y  a p p a r e n t  i n  v e r y  t h i c k  s e c t i o n s  o r  i n  t e a s e d

P r e p a r a t io n s . /



156

p r e p a r a t i o n s .  Von M d l l e n d o r f f  e s p e c i a l l y  h a s  s t u d i e d  t h e  

e x c r e t i o n  o f  a  l a r g e  s e r i e s  o f  d y e s t u f f s  b y  t h e  k i d n e y ,  and  h a s  

c o n f ir m e d  t h e  f i n d i n g s  o f  R i b b e r t  ( 1 9 0 4 )  and S u z u k i  ( 1 9 1 2 )  

t h a t  v i t a l  s t a i n i n g . i s  c o n f i n e d  to  t h e  c e l l s  o f  t h e  p r o x i m a l  

c o n v o l u t e d  t u b u l e s ,  b u t  r e c e n t l y  McM&ster and Elman ( 1 9 2 8 )  h a v e  

s t a t e d  t h a t  i n  a n i m a l s  i n j e c t e d  w i t h  l i t m u s  v i t a l l y  s t a i n e d  

g r a n u l e s  a r e  f o u n d  i n  t h e  l i n i n g  c e l l s  t h r o u g h o u t  t h e  r e n a l  

t u b u l e s  from  t h e  g l o m e r u l u s  t o  t h e  j u n c t i o n a l  t u b u l e s .  They  

c o n s i d e r  t h a t  t h e  c o l o u r  o f  t h e  g r a n u l e s  may be j u s t i f i a b l y  

used  a s  a n  i n d i c a t o r  o f  t h e  r e a c t i o n  and p o i n t  o u t  t h a t  t h i s  v a r i e s  

in  d i f f e r e n t  s e g m e n t s ,  t h e  z o n e  n e x t  t h e  g l o m e r u l u s  

a lw a y s  c o n t a i n i n g  b l u e  g r a n u l e s ,  w h i l e  t h e  zon e  n e x t  t h e  j u n c t i o n a l  

t u b u l e s  a l w a y s  c o n t a i n s  r e d  g r a n u l e s .  McMaster and Elman s t a t e  

f u r t h e r  t h a t  t h e  t r a n s i t i o n  fro m  a l k a l i n e  t o  a c i d  i n t r a c e l l u l a r  

r e a c t i o n  o c c u r s  i n  t h e  c e l l s  o f  H e n l e ’ s l o o p s  d u r i n g  th e  

s e c r e t i o n  o f  n e u t r a l  u r i n e ,  b u t  c l a i m  t h a t  t h e  s i t e  o f  t r a n s f o r m a 

t i o n  moves p r o x i m a l l y  o r  d i s t a l l y  a c c o r d i n g  a s  t h e  u r i n e  s e c r e t e d  

i s  a c i d  o r  a l k a l i n e .

That  t h e  r e a c t i o n  o f  t h e  u r i n e  c h a n g e s  a s  i t  t r a v e l s  

a l o n g  t h e  r e n a l  t u b u l e s  i s  borne  o u t  by t h e  f o l l o w i n g  o b s e r v a 

t i o n s .  L i t h i u m  c a rm in e  i s  f r e q u e n t l y  p r e c i p i t a t e d  d u r i n g  i t s  

p a s s a g e  down t h e  u r i n a r y  t u b u l e s ,  a p p a r e n t l y  a s  a  r e s u l t  o f  

th e  i n c r e a s i n g  a c i d i t y  o f  t h e  f l u i d  i n  t h e  lum en ,  and i n  some 

c a s e s  t h e  d i s t a l  c o n v o l u t e d ,  j u n c t i o n a l  and c o l l e c t i n g  t u b u l e s  

may be a l m o s t  o b s t r u c t e d  by m a s s e s  o f  p r e c i p i t a t e d  d y e .  B aker  

and Dodds ( 1 9 2 5 )  h a v e  shown t h a t  h a e m o g lo b in  may be  p r e c i p i t a t e d  

from s o l u t i o n  i n  t h e  t u b u l e s  d u r i n g  e x c r e t i o n ,  ow ing  t o  i h c r e a s i n g  

a c i d i t y  and s a l t  c o n c e n t r a t i o n ,  and may g i v e  r i s e  t o  i n t r a r e n a l

i n s t r u c t i o n /  __________________________________________________
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o b s t r u c t i o n ;  t h i s  can be a v o i d e d  by k e e p i n g  t h e  u r i n e  a l k a l i n e .  

Dunn and P o i s o n  ( 1 9 2 6 )  have  a l s o  shown t h a t  t h e  z o n e  o f  damage 

in  " u r ic  a c i d "  n e p h r i t i s  c o r r e s p o n d s  to  t h e  b r o a d  a s c e n d i n g  

l im b  o f  H e n l e ’ s l o o p s  and d i s t a l  c o n v o l u t e d  t u b u l e s  and c o n s i d e r  

t h a t  t h e  l o c a l i s a t i o n  o f  t h e  d e s t r u c t i v e  e f f e c t  i s  p r o b a b l y  

due t o  t h e  c o n c e n t r a t i o n  o f  t h e  u r i n e  w i t h  s u b s e q u e n t  

p r e c i p i t a t i o n  o f  " u r i c  a c i d "  where  th e  r e a c t i o n  o f  t h e  f l u i d  

becomes a c i d .

A f t e r  a  v e r y  s m a l l  d o s e  o f  t r y p a n  b l u e ,  e . g .  0 . 5  c . c .  

o f  0 . 0 1  p e r  c e n t  s o l u t i o n  f o r  a m o u s e ,  v i t a l l y  s t a i n e d  g r a n u l e s  

a r e  fo u n d  o n l y  i n  t h e  p r o x im a l  c e l l s  a d j a c e n t  to  t h e  g l o m e r u l u s  

and may n o t  be p r e s e n t  i n  e v e r y  t u b u l e .  T h i s  i s  p r o b a b l y  

r e l a t e d  t o  t h e  i n t e r m i t t e n t  c i r c u l a t i o n  o f  th e  g l o m e r u l i  

( R ic h a r d s  and S c h m i d t ,  1 9 2 4 )  b u t  when a  l a r g e r  q u a n t i t y  i s  

g i v e n  and t h e  e x c r e t i o n  o f  dye c o n t i n u e s  o v e r  a  l o n g  p e r i o d  

a l l  t h e  p r o x i m a l  c o n v o l u t e d  t u b u l e s  c o n t a i n  a number o f  dye  

g r a n u l e s ,  th ough  t h e  d e g r e e  o f  s t a i n i n g  may v a r y  c o n s i d e r a b l y . .  

O ther  d y e s  o f  g ro u p  ( a )  e . g .  l i t h i u m  c a r m in e ,  v i t a l  new r e d ,  

are  a l s o  e x c r e t e d  r a p i d l y  by t h e  k i d n e y  and l e a d  t o  s i m i l a r  

i n t r a c e l l u l a r  d e p o s i t s .  7/hen i n t r a c e l l u l a r  r e n a l  d e p o s i t s  

are  p ro d u ce d  by i s a m i n e  b l u e ,  t h e y  tend  t o  o c c u r  t h r o u g h o u t  

a  g r e a t e r  l e n g t h  o f  t h e  c o n v o l u t e d  t u b u l e  than do trypam b lu e  

d e p o s i t s  o f  e q u a l  s i z e .  T h i s  d i f f e r e n c e  i s  p r o b a b l y  c o r r e l a t e d  

w i t h  th e  g r e a t e r  s l o w n e s s  w i t h  w h ich  i s a m in e  b l u e  e n t e r s  c e l l s  

g e n e r a l l y ;  th e  aye  i s  t h u s - d i s t r i b u t e d  t h r o u g h o u t  a g r e a t e r  

l e n g t h  o f  t u b u l e  b e f o r e  a b s o r p t i o n  t a k e s  p l a c e .  O th er  d y e s  
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o f  h i g h l y  c o l l o i d a l  t y p e ,  e . g .  b e n z o p u r p u r i n , p rod u ce  e v e n  more  

m in u te  and s c a n t y  r e n a l  d e p o s i t s  than  i s a m i n e  b l u e .  A f t e r  

r e p e a t e d  i n t r a v e n o u s  i n j e c t i o n s  o f  b e n z o p u r p u r i n  i n  s u s p e n s o i d  

form a s  p r e v i o u s l y  d e s c r i b e d  ( s e e  p .  31 ) r e d i s t r i b u t i o n  o f

the dye  o c c u r s ,  w i t h  th e  l i b e r a t i o n  o f  a  s o l u b l e  form w h ic h  

s t a i n s  t h e  b l o o d  p la s m a .  V ery  m in u t e  and s c a n t y  g r a n u l e s  

th en  a p p ea r  i n  t h e  c e l l s  o f  t h e  pr im ary  c o n v o l u t e d  t u b u l e s ;  

f r e q u e n t l y  t h e s e  can b e  r e c o g n i s e d  o n l y  in  f r e s h  p r e p a r a t i o n s .

I n  g e n e r a l  i t  may be s a i d  t h a t  t h e  e v i d e n c e  o f  i n t r a -

v i t a m  s t a i n i n g  h a s  b e e n  i n t e r p r e t e d  b y  m o s t  o f  t h e  r e c e n t

o b s e r v e r s  a s  c o n f i r m a t i o n  o f  t h e  f i l t r a t i o n  t h e o r y ,  th o ug h

M a r s h a l l  and Crane ( 1 9 2 4 )  c o n s i d e r  t h a t  t h e y  have  o b t a i n e d  e v i d e n c e

p o i n t i n g  t o  d e f i n i t e  s e c r e t i o n  o f  p h en o l  red b y  t h e  t u b u l e  c e l l s .

R i c h a r d s  and h i s  c o - w o r k e r s  ( 1 9 2 2 ,  1924)  h o w e v e r ,  have  shown

by w i t h d r a w i n g  t h e  f l u i d  from s i n g l e  g l o m e r u l i  by means o f  a

f i n e  p i p e t t e ,  t h a t  i n  f r o g s  p h e n o l  red and o t h e r  d y 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  are  e x c r e t e d  i n  t h e  g l o m e r u l a r  f i l t r a t e .

Hayman (1 9 2 5 )  h a s  shown f u r t h e r  t h q t  i f  a d i l u t e  s o l u t i o n  o f

th e  dye  be i n j e c t e d  i n t o  t h e  g l o m e r u l i  o f  a  norm al  u n s t a i n e d

a n i m a l ,  dye  s t o r a g e  o c c u r s  i n  th e  c e l l s  o f  t h e  c o n v o l u t e d

t u b u l e  e x a c t l y  a s  in  c a s e s  where  the  dye  i s  i n j e c t e d  i n t r a v e n o u s l y .

These  e x p e r i m e n t s  would  a p p ea r  to  o f f e r  c o n c l u s i v e  e v i d e n c e  t h a t

the  a p p ea r a n c e  o f  i n t r a c e l l u l a r  v i t a l l y  s t a i n e d  g r a n u l e s  i s  due

t o  t h e  r e a b s o r p t i o n  o f  th e  dye from t h e  d i l u t e  f i l t r a t e  i n  th e

lumen o f  t h e  t u b u l e s .  De Haan ( 1 9 2 2 )  s t a t e s  on t h e  b a s i s  o f

u l t r a f i l t r a t i o n  e x p e r i m e n t s  t h a t  th e  e x c r e t i o n  o f  d y e s t u f f s

throu gh  th e  g l o m e r u l i  ca n n o t  be harm on ised  w i t h  t h e  t h e o r y  

—n f V
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o f  a  p r o t e i n  f r e e  f i l t r a t e ,  and s u g g e s t s  t h a t  t h e  g l o m e r u l a r  

t u f t  i s  n o r m a l l y  p e r m e a b le  to  a  s m a l l  amount o f  p r o t e i n  from  

th e  b l o o d ,  a l l  o f  w h ich  i s  n o r m a l l y  r e a b s o r b e d  i n  t h e  t u b u l e s .

■ft'earn and  R i c h a r d s  ( 1 9 2 4 )  i n  t h e i r  a n a l y s i s  o f  t h e  f l u i d  from  

s i n g l e  g l o m e r u l i  p o i n t  o u t  t h a t  t h e  g l o m e r u l a r  f i l t r a t e  i s  

p r o t e i n  f r e e  a s  l o n g  a s  t h e  c i r c u l a t i o n  in  t h e  t u f t  i s  a c t i v e ,  

but when t h e  g l o m e r u l u s  e n t e r s  a  r e s t i n g  plkase and th e  

c i r c u l a t i o n  t h r o u g h  th e  t u f t  i s  s l o w e d ,  th e  f i l t r a t e  o f t e n  

c o n t a i n s  a s m a l l  amount o f  p r o t e i n .

I t  m ust  be borne  i n  mind t h a t  a l l  t h e  r e c e n t  work on t h e  

v a s c u l a r  s u p p l y  o f  t h e  k i d n e y  i s  a g a i n s t  t h e  p r e s e n c e  o f  a secon d  

s u p p ly  o f  b lo o d  to  t h e  m e d u l l a  by s e p a r a t e  " a r t e r i o l a e  r e c t a e "  

a r i s i n g  from  t h e  a r c u a t e  a r t e r i e s .  As Huber ( 1 9 0 7 )  and M o r i so n  

(1 9 2 6 )  have  shown t h e  a r t e r i o l a e  r e c t a e  to  t h e  m e d u l l a  a r e  

d e r i v e d  e n t i r e l y  from th e  v a s a  e f f e r e n t i a  o f  t h e  g l o m e r u l i .

The b lo o d  i n  t h e  c a p i l l a r i e s  around  t h e  t u b u l e s  b o t h  i n  c o r t e x  

and m e d u l l a  i s  t h u s  b l o o d  w h ich  h a s  p a s s e d  t h r o u g h  t h e  g l o m e r u l a r  

c i r c u l a t i o n  and i s  t h e r e f o r e  p r o b a b l y  i n  a c o n c e n t r a t e d  c o n d i t i o n  

e s p e c i a l l y  f a v o u r a b l e  to  t h e  a b s o r p t i o n  o f  f l u i d  and o t h e r  

s u b s t a n c e s  from  t h e  t u b u l e  c e l l s .

In  t h e  i n t e r s t i t i a l  t i s s u e  o f  th e  k i d n e y  t h e r e  a r e  s c a n t y  

v i t a l l y  s t a i n e d  c e l l s .  No s t a i n i n g  w i t h  s o l u b l e  d y e s  i s  found  

in  t h e  e n d o t h e l i a l  c e l l 3 o f  t h e  g l o m e r u l a r  t u f t ,  but  be tw een  t h e  

t u b u l e s  a  few  v i t a l l y  s t a i n e d  c e l l s  a r e  p r e s e n t  i n  v e r y  c l o s e  

c o n t a c t  w i t h  t h e  l i n i n g  o f  t h e  i n t e r t u b u l a r  c a p i l l a r i e s .  These  

are more nuaerous i n  th e  j u n c t i o n a l  zone o f  c o r t e x  and m e d u l l a  than
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i n  t h e  o u t e r  c o r t e x .  In  m ost  c a s e s  i t  i s  i m p o s s i b l e  to  

d e c i d e  w h e th e r ,  a s  a p p e a r s  p r o b a b l e ,  t h e s e  a r e  a c t u a l l y  e n d o t h e l  

i a l  c e l l s  o r  w h e th e r  t h e y  r e p r e s e n t  p e r i v a s c u l a r  h i s t i o c y t e s .

In  th e  t i p  o f  t h e  r e n a l  pyramid t h e  more d e c i d e d  b l u e  c o l o u r  

n o t e d  ( p .  54 ) i s  due to  t h e  p r e s e n c e  o f  v i t a l l y  s t a i n e d

c e l l s  i n  t h e  i n t e r s t i t i a l  t i s s u e ;  p r o b a b l y  th e  m a j o r i t y  o f  

t h e s e  a r e  h i s t i o c y t e s .  The r e s u l t s  o f  i n t r a v e n o u s  i n j e c t i o n  

o f  s u s p e n s o i d  s u b s t a n c e s  s u p p o r t  t h e  v i e w s  a b o v e  e x p r e s s e d  

a s  to  t h e  n a t u r e  o f  t h e  v i t a l l y  s t a i n e d  c e l l s  i n  th e  i n t e r 

s t i t i a l  t i s s u e .  I n d i a  i n k  and su g a r  o f  i r o n  a r e  b o t h  ta k e n  

up by  th e  e n d o t h e l i a l  c e l l s  o f  t h e  g l o m e r u l a r  c a p i l l a r i e s  to  

a s m a l l  e x t e n t  and t h e  i n g e s t e d  p a r t i c l e s  may p e r s i s t  i n  t h i s  

s i t u a t i o n  f o r  s e v e r a l  w e e k s .  In  t h e  i n t e r t u b u l a r  v e s s e l s  

soon  a f t e r  i n j e c t i o n  th e  d e p o s i t  o f  p a r t i c u l a t e  m a t t e r  i s  

h e a v i e s t  a t  t h e  boundary  zone  o f  c o r t e x  and m e d u l l a ,  and th e  

i n j e c t e d  s u b s t a n c e  i s  taken  up by and i s  s t o r e d  w i t h i n  what  

a p p e a r  to  be e n d o t h e l i a l  c e l l s  i n  th e  c a p i l l a r y  w a l l s .  I f  

t h e s e  c e l l s  w ere  p e r i v a s c u l a r  h i s t i o c y t e s  i t  i s  d i f f i c u l t  to  

s e e  how th e  p a r t i c u l a t e  m a t t e r  would  r e a c h  them i n  s u f f i c i e n t  

q u a n t i t y  a t  su ch  an e a r l y  p e r i o d .  The d e p o s i t  o f  s u s p e n s o i d s  

i n  t h i s  s i t u a t i o n  i s  more abundant than  t h a t  o f  s o l u b l e  v i t a l  

s t a i n s ,  and i t  i s  p o s s i b l e  t h a t  t h e  r e l a t i v e l y  c o n c e n t r a t e d  

c o n d i t i o n  o f  t h e  b lo o d  in  t h e  i n t e r t u b u l a r  c a p i l l a r i e s  may 

a c c e n t u a t e  th e  p r e c i p i t a t i o n  o f  c i r c u l a t i n g  s u s p e n s o i d s  on th e  

c a p i l l a r y  w a l l s  i n  t h i s  s i t u a t i o n .  The t i p  o f  th e  r e n a l  

Pyramid , h o w e v e r ,  i s  l e s s  a f f e c t e d  b y  s u s p e n s o i d s  than by  

s o l u b l e /
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s o l u b l e  d y e s ;  p r o b a b l y  t h i s  i s  a t t r i b u t a b l e  to  t h e  m a j o r i t y  

o f  t h e  v i t a l l y  s t a i n i n g  c e l l s  i n  t h i s  s i t u a t i o n  b e i n g ^ h i s t i o c y t e s  

w hich  a r e  u n a f f e c t e d  by t h e  p a r t i c u l a t e  m a t t e r .

The amount o f  d e p o s i t i o n  o f  p a r t i c u l a t e  m a t t e r  v a r i e s  

w i d e l y  i n  d i f f e r e n t  a n i m a l s  o f  t h e  same s p e c i e s  under a p p a r e n t l y  

i d e n t i c a l  c o n d i t i o n s .  I n  m o s t  c a s e s ,  h o w e v e r ,  th e  k i d n e y  

becomes f r e e  from  m o s t  o f  t h e  f o r e i g n  m a t e r i a l  w i t h i n  a f e w  d a y s ,  

but t r a c e s  may p e r s i s t  i n  t h e  g l o m e r u l i  and i n  t h e  p h a g o c y t i c  

c e l l s  b e t w e e n  t h e  t u b u l e s  f o r  p r o l o n g e d  p e r i o d s .
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ALIMENTARY SYSTEM.

The s t a i n i n g  o f  t h e  a l i m e n t a r y  t r a c t  p r e v i o u s l y  d e s c r i b e d  

( s e e  p.  55 ) i s  due c h i e f l y  to  t h e  p r e s e n c e  o f  v i t a l l y  s t a i n e d

h i s t i o c y t e s  i n  t h e  i n t e r s t i t i a l  t i s s u e .  I n  no s i t u a t i o n  have  

th e  e p i t h e l i a l  c e l l s  b e e n  o b s e r v e d  to  c o n t a i n  dye  g r a n u l e s ,  

though i n  some c a s e s  t h e  f a e c e s  may be  q u i t e  d e e p l y  c o l o u r e d .

As a l r e a d y  m e n t io n e d  no e v i d e n c e  h a s  been o b t a i n e d  to  show t h a t  a n y  

of t h e  d y e s  u sed  a r e  e x c r e t e d  i n  t h e  b i l e ,  and s i n c e  s t a i n i n g  o f  

the i n t e s t i n a l  c o n t e n t s  i s  more marked a t  a  lo w e r  l e v e l ,  p re su m a b ly  

e x c r e t i o n  o f  dye  i n t o  t h e  i n t e s t i n a l  lumen o c c u r s  i n  th e  lo w er  

s e g m e n t s , e s p e c i a l l y  t h e  c o l o n .  Throughout the  a l i m e n t a r y  c a n a l  

v i t a l l y  s t a i n e d  h i s t i o c y t e s  a r e  s c a t t e r e d  in  t h e  c o n n e c t i v e  

t i s s u e  o f  t h e  w a l l  and a r e  more numerous i n  t h e  subm ucosa .

V i t a l l y  s t a i n e d  r e t i c u l u m  c e l l s  a r e  a l s o  p r e s e n t  i n  t h e  s troma  

of t h e  m u cosa  and v i l l i .  In  m ice  t h e  l y m p h o i d - f o l l i c l e s  form  

email  prom in en t  more d e e p l y  s t a i n e d  s w e l l i n g s  i n  t h e  w a l l ,  in  

th e s e  th e  r e t i c u l u m  c e l l s  a r e  v i t a l l y  s t a i n e d  and t h e r e  i s  o f t e n  

a c e r t a i n  a c c u m u l a t i o n  o f  h i s t i o c y t e s  in  t h e i r  o u t e r  l a y e r s .  The 

s e r o s a l  c e l l s  c o v e r i n g  t h e  i n t e s t i n a l  w a l l  c o n t a i n  r a t h e r  l e s s  

numerous v i t a l l y  s t a i n e d  g r a n u l e s  th an  t h o s e  e l s e w h e r e .  Goldmann 

(1909)  r e g a r d e d  t h e  v i t a l l y  s t a i n e d  " p y r r h o l  c e l l s "  i n  t h e  

i n t e s t i n a l  w a l l  a s  c o n n e c t e d  i n  some way w i t h  d i g e s t i o n  and  th e  

t r a n s p o r t  o f  f o o d  m a t e r i a l s ,  but  a c c o r d i n g  to  K u c z y n s k i  (1 9 2 2 )  

the  normal  v a r i a t i o n  o f  i n d i v i d u a l  a n i m a l s  would e x p l a i n  the

r e s u l t s .

The v a r i a t i o n s  i n  i n t e n s i t y  o f  s t a i n i n g  i n  d i f f e r e n t
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segm en ts  o f  t h e  b o w e l  a r e  n o t  to  be a c c o u n t e d  f o r  by o b v i o u s  

d i f f e r e n c e s  i n  t h e  numbers o f  v i t a l l y  s t a i n e d  c e l l s .  A g a i n ,  

th e  d e e p  c o l o u r a t i o n  o f  t h e  caecum a f t e r  t h e  a d m i n i s t r a t i o n  

o f  t r y p a n  b l u e  and t h e  r e l a t i v e  a b s e n c e  o f  s t a i n i n g  a f t e r  

i s a m in e  b l u e  a r e  s i m i l a r l y  u n a c c o u n te d  f o r  b y  d i f f e r e n c e s  

i n  t h e  numbers o f  v i t a l l y  s t a i n e d  h i s t i o c y t e s  i n  t h e  two 

c a s e s .  S i n c e  b o t h  d y e s  a r e  e x c r e t e d  th r o u g h  th e  bowel  w a l l  

i t  i s  p o s s i b l e  t h a t  d i f f e r e n c e s  a r e  due to  d i f f u s e  s t a i n i n g  

o f  v a r y i n g  i n t e n s i t y  i n  t h e  e p i t h e l i u m  w h ic h  c a n n o t  be 

d e t e c t e d  w i t h  c e r t a i n t y  on m i c r o s c o p i c  e x a m i n a t i o n .

0 O0



164

MAMMARY GLANDS.

Trypaun b l u e  i s  e x c r e t e d  i n  t h e  m i l k  o f  l a c t a t i n g  

m ic e  and r a b b i t s  i n  s m a l l  am ou nt ,  y e t  s u f f i c i e n t l y  to  c o l o u r  

th e  i n t e s t i n a l  c o n t e n t s  o f  t h e  s u c k l i n g  youn g .  W ith  t h i s  

dye  no i n t r a c e l l u l a r  d e p o s i t s  a r e  f o u n d ,  n o r  have  t h e y  b een  

o b s e r v e d  w i t h  t h e  o t h e r  d y e s  u sed  i n  t h i s  s t u d y .  E van s  and  

S c o t t  ( 1 9 2 1 )  s t a t e  t h a t  dye  g r a n u l e s  a p p ea r  i n  mammary 

g la n d  c e l l s  a f t e r  c e r t a i n  c l o s e l y  r e l a t e d  s u b s t a n c e s ,  e . g .  

d i a n i l  b l u e  2R (G. I .N o .465') • I  have  o b s e r v e d  an a n a l o g o u s  

c o n d i t i o n  i n  m ic e  a f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  

s a c c h a r a t e d  o x i d e  o f  i r o n .  A f t e r  some d a y s  th e  e p i t h e l i a l  

c e l l s  o f  t h e  mammary a c i n i  and to  a l e s s  e x t e n t  o f  t h e  d u c t s  

a r e  fou nd  to  c o n t a i n  f i n e l y  g r a n u l a r  i r o n  i n  c o n s i d e r a b l e  

a m o u n t( f ig .  64).

oOo
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MUSCULAR TISSUES.

The b l u e  c o l o u r  o f  m u s c l e s  i s  due t o  t h e  p r e s e n c e  

o f  v i t a l l y  s t a i n e d  h i s t i o c y t e s  i n  th e  c o n n e c t i v e  t i s s u e  

b etw een  t h e  m u s c l e  f i b r e s .  These  c e l l s  a r e  so m et im es  

c l o s e l y  a p p l i e d  to  t h e  c a p i l l a r y  w a l l s ,  i n  o t h e r  p l a c e s  

t h e y  form an a l m o s t  c o n t i n u o u s  c h a i n  o f  c e l l s  be tw een  t h e  

m u sc le  f i b r e s  and around t h e  l a r g e r  v e s s e l s  and n e r v e s .  

Where t h e  c o n n e c t i v e  t i s s u e  i s  more abu ndan t  t h e  v i t a l l y  

s t a i n e d  c e l l s  a r e  a l s o  more numerous -  th e  s o - c a l l e d  

a d v e n t i t i a l  c e l l s  ( f i g .  50 ‘ ) .  Normal sarcolemma  

c e l l s  r em ain  q u i t e  u n s t a i n e d  and t h e  s a r c o u s  s u b s t a n c e  

n e v e r  e x h i b i t s  g r a n u l a r  v i t a l  s t a i n i n g .

The d e e p e r  s t a i n i n g  n o t e d  i n  th e  ton gu e  and h e a r t  

m u s c l e  i s  due to  t h e  g r e a t e r  p ro m in en ce  o f  v i t a l l y  s t a i n e d  

c e l l s  i n  t h e  i n t e r m u s c u l a r  s e p t a .  I n  th e  h e a r t  t h e  l i n i n g  

c e l l s  o f  t h e  endocardium  may c o n t a i n  f i n e  b l u e  g r a n u l e s  

i n  v e r y  i n t e n s e l y  s t a i n e d  a n i m a l s .
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BONES.

As h a s  "been p r e v i o u s l y  m en t io n ed  ( s e e  p . 53 ) th e

c e n t r e s  o f  o s s i f i c a t i o n  in  th e  ends o f  th e  lo n g  b on es  and  

i n  th e  s h o r t  and f l a t  b o n es  o f  young a n im a ls  p o s s e s s  a 

marked a f f i n i t y  f o r  th e  d y e s  and a f t e r  r e p e a t e d  a d m i n i s t r a t i o n  

o f  s m a l l  d o s e s  become much more d e e p ly  s t a i n e d  than th e  

c a r t i l a g e s  o r  f u l l y  form ed b o n e s .  The c o l o u r a t i o n  o f  t h e s e  

a r e a s  i s  due t o  two f a c t o r s * -  (a )  d i f f u s e  s t a i n i n g  o f  th e  

n ew ly  d e p o s i t e d  bone and o f  th e  e p i p h y s e a l  c a r t i l a g e ,  and 

(b ) th e  p r e s e n c e  o f  many dye c o n t a i n i n g  c e l l s  w hich  fo im  a 

c o n t in u o u s  c h a in  in  c l o s e  a p p o s i t i o n  to  th e  bony l a m e l l a e .

Many o f  t h e s e  c e l l s  a r e  s t e l l a t e  o r  s p i n d l e  sh ap ed ; some 

a p p ea r  to  be  th e  o s t e o b l a s t s ,  o t h e r s  a r e  f r e e  h i s t i o c y t e s .

The b o n e - c e l l s  in  t h e  la c u n a e  o f  th e  H a v e r s ia n  s y s te m s  a l s o  

show s c a n t y  f i n e  dye g r a n u l e s  r e s e m b l in g  t h o s e  o f  f i b r o c y t e s .  

V i t a l l y  s t a i n e d  c o n n e c t i v e  t i s s u e  c e l l s  a r e  a l s o  fou n d  a lo n g  

th e  s h a f t s  o f  th e  lo h g  b o n es  where th e y  form  th e  en d o s te u m ,  

b u t  h ere  th e y  a r e  more e lo n g a t e d  and s p i n d l e  shaped  and c o n t a i n  

l e s s  dye  th a n  t h o s e  a t  th e  e p i p h y s e a l  e n d s .  P r e su m a b ly  in  

t h i s  s i t u a t i o n  t h e y  a r e  l e s s  a c t i v e  p h y s i o l o g i c a l l y .  The 

m u l t i n u c l e a t e d  bone c e l l s ,  o s t e o c l a s t s ,  h ave  n o t  been  

o b s e r v e d  t o  c o n t a in  a n y  dye d e p o s i t s ,  and we would a g r e e  

w ith  S h i p l e y  and M a ck lin  (1 9 1 7 )  t h a t  t h e s e  m ust be  h i g h l y  

s p e c i a l i s e d  c e l l s  and c a n n o t  be reg a rd ed  a s  s im p le  p h a g o c y t e s  

or s c a v e n g e r  c e l l s .

m — aI.1/%------ -— — — — —
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The g e n e r a l  a b s e n o e  o f  v i t a l  s t a i n i n g  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  h a s  a l r e a d y  b een  commented u p on . In  t h e  t r u e  

n e r v o u s  e l e m e n t s  no v i t a l  s t a i n i n g  h a s  b e e n  o b s e r v e d  a t  any  

t im e  w i t h  t h e  a c i d  d i s - a a o  d y e s .  The s t a i n i n g  o f  t h e  c h o r o id  

p l e x u s e s  i s  due t o  t h e  a c c u m u la t io n  o f  numerous f a i r l y  f i n e  

dye g r a n u l e s  i n  t h e  c u b i c a l  l i n i n g  c e l l s ,  and t o  t h e  p r e s e n c e  

o f  a few  l a r g e  h i s t i o c y t e s  i n  th e  f i n e  s tro m a  around t h e  b lo o d  

v e s s e l s  ( f i g .  5 3 ) .  The ependym al c e l l s  l i n i n g  t h e  v e n t r i c l e s  

a r e  i n  g e n e r a l  u n s t a i n e d ,  b u t  a s  t h e  c e l l s  become l a r g e r  and  

p a s s  g r a d u a l l y  i n t o  t h e  l i n i n g  c e l l s  o f  t h e  t e l a  c h o r o i d e a ,  th e y  

come t o  c o n t a i n  d ye  g r a n u le s  i n  i n c r e a s i n g  number and s i z e .

The s t a i n i n g  around t h e  b a s e  o f  t h e  i n f u n d i b u l a r  s t a l k  h a s  

a l r e a d y  b e e n  d e s c r i b e d ,  and t h e  a b s e n c e  o f  g r a n u la r  i n t r a c e l l u l a r  

s t a i n i n g  i n  t h i s  s i t u a t i o n  has b e e n  d i s c u s s e d  ( s e e  p .  5 8 ) .  The 

o n ly  o t h e r  a r e a  o f  t h e  c e n t r a l  n e r v o u s  s y s te m  w h ich  c o n s t a n t l y  

shows e v id e n c e  o f  v i t a l  s t a i n i n g  i s  t h e  p i n e a l  b o d y . The 

s t a i n i n g  o f  t h i s  o r g a n  i s  d u e  t o  t h e  p r e s e n c e  o f  s m a l l  i n t r a 

c e l l u l a r  d y e  g r a n u le s  b o t h  i n  t h e  e n d o t h e l i a l  c e l l s  o f  i t s  

v a s c u l a r  c a p i l l a r i e s  and i n  t h e  t r u e  g la n d  c e l l s  ( s e e  Mandelstamm  

and K rylow , 1 9 2 8 ) .

In  t h e  p e r i p h e r a l  n e r v o u s  s y s te m  no s t a i n i n g  o f  th e  

t r u e  n e r v o u s  e l e m e n t s  h a s  b e e n  o b s e r v e d .  f r e q u e n t l y  t h e  s h e a t h s  

o f  t h e  p e r i p h e r a l  n e r v e s  a p p e a r  d e e p l y  s t a i n e d  ow ing t o  th e  

p r e s e n c e  o f  h i s t i o c y t e s  w h ich  a r e  more ab u n d an t i n  t h e  p e r i n e u r a l  

c o n n e c t i v e  t i s s u e  th a n  i n  t h e  su b c u ta n e o u s  t i s s u e .

The/
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The s o - c a l l e d  v i t a l  s t a i n i n g  o f  n e r v e  f i b r e s  b y  m e th y le n e  

b lu e  d i s c o v e r e d  by E h r l i c h  d o e s  n o t  f a l l  i n t o  t h i s  c a t e g o r y ,  

n o r  d o es  i t .  e v e n  a p p ea r  t o  b e l o n g  p r o p e r ly  t o  th e  c a t e g o r y  o f  

s u p r a v i t a l  s t a i n i n g ,  s i n c e  i t  i s  o b t a in e d  s o  lo n g  p o s t  m ortem 

t h a t  th e  v i t a l i t y  o f  th e  n e r v e  f i b r e s  d o es  n o t  seem t o  be  

n e c e s s a r y  f o r  t h e  r e s u l t .

The p a l e  b l u e  s t a i n i n g  o f  th e  s o f t  membranes i s  due to

th e  p r e s e n c e  o f  s c a n t y  h i s t i o c y t e s  a lo n g  th e  a d v e n t i t i a l

c o a t s  o f  the- b l o o d  v e s s e l s  w h ich  ru n  on th e  s u r f a c e  and  a l s o

in  t h e  s u b s ta n ce -  o f  the: n e r v o u s  t i s s u e ,  and a l s o  t o  th e

p r e s e n c e  o f  f i n e  b lu e  g r a n u le s  i n  t h e  f l a t t e n e d  l i n i n g  c e l l s

o f  t h e  p ia  a r a c h n o i d .  The i n t r a c e l l u l a r  g r a n u le s  i n  t h e  l i n i n g

c e l l s  r e s e m b le  t h o s e  s e e n  i n  th e  m e s o t h e l i a l  c e l l s  o f  s e r o u s

c a v i t i e s  a f t e r  m od erate  d e g r e e s  o f  v i t a l  s t a i n i n g .  E s s i c k ( 1 9 2 2 )

has c la im ed' t h a t  th e  l i n i n g  c e l l s  o f  th e  p i a  a r a c h n o id  g i v e  r i s e
*

to  m acrophages  i n  m i ld  im flam m atory c o n d i t i o n s  o f  t h e  m em branes,  

b u t i t  i s  p o s s i b l e  t h a t  th e  more a c t i v e l y  p h a g o c y t i c ' c e l l s  fo u n d  

in  s u c h  c ir c u m s t a n c e s  a r e  d e r iv e d  from  th e  h i s t i o c y t e s  i n  th e  

p e r i v a s c u l a r  t i s s u e  (K ubie and S c h u l t z ,  1 9 2 5 ,  K u b le ,  1 9 2 7 ) .

The dura m a te r  i s  much more d e e p ly  c o lo u r e d  th a n  th e  

p ia  a r a c h n o id  and shows numerous d a rk er  b lu e  f l e c k s .  The 

c o l o u r a t i o n  i s  due t o  t h e  p r e s e n c e  o f  many h i s t i o c y t e s  in  th e  

s u b s ta n c e  o f  t h e  membrane , and t h e s e  c e l l s  a r e  a g g r e g a t e d  in  

th e  p e r i v a s c u l a r  t i s s u e  p a r t i c u l a r l y  around th e  r a m i f i c a t i o n s  

o f  th e  b lo o d  v e s s e l s  ( f i g .  51 ) • The f i b r o c y t e s  a l s o  appear

t o  c o n t a in  a c o n s i d e r a b l e  amount o f  d y e ,  b u t  I  have n o t  b een  

a b l e /
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a b le  to  d e t e c t  on t h e  i n t e r n a l  s u r f a c e  l i n i n g  c e l l s  w h ich  

p r e s e n t  t h e  m o r p h o lo g y  o f  m e s o t h e l i a l  c e l l s .  As M a l lo r y  

(1 9 2 0 )  s u g g e s t s ,  t h e  l i n i n g  c e l l s  a p p e a r  t o  be  s im p ly  

f l a t t e n e d  c o n n e c t i v e  t i s s u e  c e l l s  ( f i b r o c y t e s )  w h ic h  h a v e  n o t  

a c q u ir e d  t h e  s p e c i a l  c h a r a c t e r i s t i c s  o f  m e s o th e l iu m .  The 

i n t e n s i f i c a t i o n  o f  v i t a l  s t a i n i n g  o f  th e  du ra  a t  t h e  p o i n t s  

o f  e x i t  o f  t h e  p e r i p h e r a l  n e r v e s  a p p e a r s  to  b e  due t o  th e  

p r e s e n c e  o f  an i n c r e a s e d  number o f  h i s t i o c y t e s  in  t h e s e  a r e a s .

No n o t e w o r t h y  d i f f e r e n c e s  have b een  o b s e r v e d  i n  .the 

v a r i o u s  a n im a l  s p e c i e s  s t u d i e d  i n  r e s p e c t  o f  v i t a l  s t a i n i n g  in  

th e  n e r v o u s  s y s t e m .

0 O 0
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DISCUSSION AND SUMMARY.

I t  h a s  a l r e a d y  b een  s e e n  t h a t  c e r t a i n  c e l l s  have th e  

c a p a c i t y  i n  v i v o  f o r  s t o r i n g  i n  t h e i r  c y to p la s m  a  a e r i e s  o f  

| s u b s t a n c e s  some o f  w h ich  a r e  s o l u b l e  and o t h e r s  p a r t i c u l a t e .

The p r o c e s s  cf s t o r i n g  d y e s  and c o lo u r e d  p a r t i c u l a t e  m a t t e r  

has  been d e f i n e d  a s  v i t a l  s t a i n i n g  ( s e e  p .  76 ) .  One m u st

c o n c lu d e  t h a t  t h i s  p r o p e r t y  i n d i c a t e s  im p o r t a n t  f u n c t i o n a l  

c a p a c i t i e s  on t h e  p a r t  o f  t h e s e  c e l l s  and t h a t  n o r m a l ly  t h e y  

are  e n g a g ed  in  a b s o r b in g  and m e t a b o l i s i n g  s u b s t a n c e s  b ro u g h t  

to  them in  th e  t i s s u e  f l u i d s .  I t  may be presum ed t h a t  under  

p a t h o l o g i c a l  c o n d i t i o n s  t h e y  a r e  l i k e w i s e  c a p a b le  o f  a b s o r b in g  

\ and p o s s i b l y  o f  n e u t r a l i s i n g  s o l u b l e  s u b s t a n c e s  o f  t o x i c  n a t u r e ,  

a s  w e l l  a s  d e a l i n g  w i t h  o r g a n iz e d  s t r u c t u r e s ,  su c h  a s  m ic r o 

o rgan ism s and t i s s u e  c o n f c t i t u e n t s .  T h e r e fo r e  t h e i r  b e h a v io u r  

and d i s t r i b u t i o n  have b een  e x t e n s i v e l y  s t u d i e d .  As r e g a r d s  

th e  u se  o f  s o l u b l e  and i n s o l u b l e  s u b s t a n c e s  a s  v i t a l  s t a i n s  

c e r t a i n  s t r i k i n g  d i f f e r e n c e s  e x i s t  b e tw een  t h e s e  two c l a s s e s ,  

w hich a r e  to  be e x p la in e d  p r i n c i p a l l y  on m e c h a n ic a l  g r o u n d s .  

A c c o r d in g ly  th e  r e s u l t s  o b t a in e d  w ith  th e  s o l u b l e  c l a s s  w i l l  be 

c o n s id e r e d  f i r s t ,  s p e c i a l  a t t e n t i o n  b e in g  p a id  to  t h o s e  o b t a in e d  

by in t r a v e n o u s  a d m i n i s t r a t i o n  w h ich  i s  th e  m ethod m ost l i k e l y  

to  b r in g  a b o u t  u n iform  s t a i n i n g  i n  th e  d i f f e r e n t  t i s s u e s .  So 

f a r  a s  th e  d i s t r i b u t i o n  o f  v i t a l l y  s t a i n e d  c e l l s  in  th e  mammalian  

body i s c o n c e r n e d ,  i t  may be s a i d  t h a t  in  a l l  o rg a n s  e x c e p t  

the n e r v o u s  s y s t e m ,  th e r e  a r e  c e l l s  ( h i s t i o c y t e s )  w h ich  p o s s e s s  

in  p r e -e m in e n t  d e g r e e  th e  c a p a c i t y  f o r  v i t a l  s t a i n i n g ,  so  t h a t  

s t a in e d  g r a n u l e s  a p p ea r  in  t h e i r  c y to p la sm  even  when a r e l a t i v e l y
i -  '
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weak s o l u t i o n  o f  t h e  dye i s  p r e s e n t e d  to  them . O th er  c e l l s  

a g a in  have l e s s  a v i d i t y  f o r  th e  d y e s ,  and show s t a i n i n g  o n ly  

when th e  dye i s  o f f e r e d  to  them in  g r e a t e r  c o n c e n t r a t i o n .  The 

h i s t i o c y t e s  a r e  r e f e r r e d  to  by v a r i o u s  w orkers  u n d er  d i f f e r e n t  

names ( s e e  p . 62 ) and s p e c i a l  names have b een  a p p l i e d  to

c o l l e c t i o n s  o f  t h e s e  c e l l s  in  p a r t i c u l a r  s i t u a t i o n s ,  e . g .  th e  

i p e r i v a s c u l a r  and p e r i n e u r a l  a g g r e g a t i o n s  o f  h i s t i o c y t e s  and more  

p r im i t iv e  round c e l l s  have been  c a l l e d  a d v e n t i t i a l  c e l l s .  P e r h a p s  

a l s o  th e  i n t e r s t i t i a l  c e l l s  o f  th e  o v a r y  and t e s t i s  a r e  to  be 

I c l a s s e d  w i t h  th e  h i s t i o c y t e s .

A s c h o f f  and Landau h ave  p ro p o sed  t h e  term " r e t i c u l o -
i
; e n d o t h e l i a l  m e t a b o l i c  a p p a r a t u s ” o r  " r e t i c u l o - e n d o t h e l i a l  s y s t e m ” 

in  o r d e r  to  g r o u p  under one head a l l  th e  c e l l s  th r o u g h o u t  t h e  

tod y  w h ich  a c t  a s  h i s t i o c y t e s .  T h e ir  c l a s s i f i c a t i o n  o f  v i t a l l y  

s t a in e d  c e l l s  ( s l i g h t l y  m o d i f i e d )  i s  a s  f o l l o w s ,  th e  e l e m e n t s  

; b e in g  c o n s i d e r e d  i n  o r d e r  o f  a s c e n d in g  a c t i v i t y ,  a s  h a s  b e e n  

v e r i f i e d  i n  th e  p r e s e n t  work.

I .  The e n d o t h e l iu m  o f  b lo o d  and ly m p h a t ic  v e s s e l s '  g e n e r a l l y .

These c e l l s  ta k e  up t h e  d y e s  o n l y  a f t e r  v e r y  p r o lo n g e d  and  

i n t e n s e  a d m i n i s t r a t i o n ,  and th en  o n l y  in  t h e  fo im  o f  m ost  

m in u te  g r a n u l e s  w h ich  a r e  b e s t  s ee n  by e x a m in in g  th e  f r e s h  

c e l l s  a t  a  v e r y  h ig h  m a g n i f i c a t i o n .  T h ese  g r a n u l e s  a r e  

r a r e l y  v i s i b l e  in  f i x e d  and s t a i n e d  t i s s u e s .

The f i b r o c y t e s  o r  o r d in a r y  c o n n e c t iv e  t i s s u e  c e l l s .  These  

e le m e n ts  a r e  s t a i n e d  f a i r l y  r e a d i l y .  They resp on d  more 

a c t i v e l y  to  c e r t a i n  d y e s  than to o t h e r s ,  e . g .  more to  v i t a l



new red th a n  to  tr y p a n  b l u e .  The dye g r a n u le s  a r e  u s u a l l y  

f i n e  and r a t h e r  u n iform  i n  s i z e .  The m e s o t h e l i a l  c e l l s  o f  

s e r o u s  s a c s  and th e  e n d o t h e l i a l  c e l l s  o f  t h e  v e n o u s  s i n u s o i d s  

o f  th e  s p l e e n  s t o r e  v i t a l  s t a i n s  to  a  s i m i l a r  e x t e n t ,  i . e .  

much l e s s  th a n  t h e  c e l l s  o f  g r o u p s  I I I  and IV.

The r e t i c u l u m  c e l l s  o f  t h e  s p le e n  b o t h  i n  t h e  p u lp  and  

M a lp ig h ia n  b o d i e s ,  and t h o s e  o f  ly m p h a t ic  g la n d s  and o f  

lym phoid t i s s u e  g e n e r a l l y .  T h ese  c e l l s  a r e  f a i r l y  r e a d i l y  

s t a i n e d ,  more so  th an  t h o s e  o f  group  I I ,  bu t l e s s  th a n  t h o s e  

o f  group  IV .

(a )  The e n d o t h e l i a l  c e l l s  w h ich  l i n e  th e  lymph s i n u s e s  o f  

ly m p h a t ic  g l a n d s ,  th e  s i n u s o i d a l  b lo o d  c a p i l l a r i e s  o f  th e  

l i v e r ,  bone-raarrow , s u p r a r e n a l  and p i t u i t a r y  g l a n d s .  The 

r e t i c u lu m  c e l l s  o f  t h e  marrow f a l l  in t o  t h i s  g rou p  i n  th e  

r a b b i t  and g u i n e a - p i g ,  fcut a r e  l e s s  a c t i v e  in  th e  m ouse i n  

w h ich  t h e y  b e lo n g  to  group  I I I .  A l l  t h e s e  c e l l s  a r e  v e r y  

a c t i v e  i n  s t o r i n g  v i t a l  s t a i n s  o f  a l l  k i n d s ,  bu t a  c e r t a i n  

amount o f  v a r i a t i o n  i s  fou n d  b e tw een  t h o s e  o f  d i f f e r e n t  

o r g a n s .  The K u p f fe r  c e l l s  o f  th e  l i v e ?  a r e  a lw a y s  th e  m ost  

a c t i v e .

(b )  The h i s t i o c y t e s  o r  am oeboid w an d er in g  c e l l s  o f  

c o n n e c t i v e  t i s s u e ,  a l s o  known a s  c l a s m a t o c y t e s , m a c r o p h a g e s ,  e t c .  

These c e l l s  a r e  v e r y  a c t i v e  in  s t o r i n g  v i t a l  s t a i n s  w i t h  w hich  

th ey  a r e  b ro u g h t  i n t o  c o n t a c t .
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( c )  C e r t a i n  f r e e  m o n o n u c lea r  c e l l s  fo u n d  in  t h e  s p l e e n  p u lp  

and o c c a s i o n a l l y  in  t h e  b lo o d  o f  i n t e r n a l  o r g a n s .  T hese  

a r e  g e n e r a l l y  r e g a r d e d  a s  b e in g  d e r i v e d  from  th e  c e l l s  o f  

g r o u p s  I I I ,  IVa and IV b , and t o  them v a r i o u s  names have  

b een  a p p l i e d .  They a r e  in c lu d e d  w i t h i n  th e  g r o u p  o f  

“e n d o t h e l i a l  l e u c o c y t e s "  (M a l lo r y )  and have b e e n  c a l l e d  b lo o d  

h i s t i o c y t e s  (K iy o n o ) .

A s c h o f f  e x c l u d e s  from  t h e  tr u e  r e t i c u l e - e n d o t h e l i a l  

system  t h e  c e l l s  o f  g r o u p s  I  and I I .  He d e s i g n a t e s  g r o u p s  I I I  and  

IV.(a) t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  in  t h e  n a r r o w e r  s e n s e ,  w h i l e  

th e s e  t o g e t h e r  w i t h  g r o u p s  IV (b )  and  ( c )  c o n s t i t u t e  t h e  sy s te m  in  

the w id e r  s e n s e .

In v ie w  o f  t h e  a c t i v e  p a r t  p la y e d  b y  th e  r e t i c u l o 

e n d o t h e l i a l  s y s te m  b o t h  in  th e  n o rm a l s t a t e  and i n  p a t h o l o g i c a l  

c o n d i t i o n s  i n  r e l a t i o n  to  th e  s t o r a g e  o f  l i p o i d s ,  p h a g o c y t o s i s  o f  

m ic r o -o r g a n is m s  e t c .  , i t  i s  im p o r ta n t  t o  exam ine  in  more d e t a i l  

the b a s i s  o f  t h i s  c l a s s i f i c a t i o n .  In th e  f i r s t  p l a c e  v i t a l  s t a i n i n g  

i s  a  p r o p e r ty  o f  c e r t a i n  v a s c u l a r  e n d o t h e l i a .  In  some o r g a n s  th e  

c a p i l l a r y  e n d o th e l iu m  i s  endowed w i t h  s p e c i a l  q u a l i t i e s ,  w h ic h  a r e  

a b r u p t ly  assum ed w i t h o u t  o b v io u s  t r a n s i t i o n s  from  th e  n o n - s p e c i a l i s e d  

e n d o th e l iu m . Thus th e  r e t i c u l o - e n d o t h e l i a l  s y s te m  i s  h i g h l y  

d e v e lo p e d  i i t  l i v e r ,  s p l e e n ,  and bone-m arrow . I t  m u st be  n o t e d ,  

h ow ev er ,  t h a t  v a r y i n g  d e g r e e s  o f  f u n c t i o n a l  a c t i v i t y  a r e  fo u n d  in  

d i f f e r e n t  s i t u a t i o n s ,  e . g .  t h e  e n d o th e l iu m  o f  t h e  s u p r a r e n a l  and  

p i t u i t a r y  c a p i l l a r i e s  i s  l e s s  a c t i v e  in  s t o r i n g  v i t a l  s t a i n s  th an  

th a t  o f  th e  l i v e r  o r  b on e-m arrow , b u t  more a c t i v e  th a n  t h a t  o f  th e  

g e n e r a l  c a p i l l a r y  b e d .  In th e  ly m p h a t ic  s y s te m  s i m i l a r  d i f f e r e n c e s
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e x i s t ;  lymph v e s s e l  e n d o t h e l iu m  b e h a v e s  l i k e  th e  g e n e r a l  

b lo o d  c a p i l l a r y  e n d o t h e l iu m ,  b u t  th e  s i n u s o i d a l  e n d o t h e l iu m  

o f  ly m p h a t ic  g la n d s  a b r u p t l y  assu m es a  p ron ou n ced  v i t a l  

s t a i n i n g  a c t i v i t y  in  marked c o n t r a s t  to  t h a t  o f  th e  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 .  S e c o n d ly ,  in  a d d i t i o n  to  t h e s e  

c e l l s  w h ich  a r e  o b v i o u s l y  e n d o t h e l i a l  t h e r e  a r e  found i n  th e  

lym phoid and h a e m o p o ie t i c  o r g a n s  v i t a l l y  s t a i n e d  s t e l l a t e  

i n t e r s t i t i a l  c e l l s ,  th e  r e t i c u lu m  c e l l s , w h ich  a r e  d i s p o s e d  

o v e r  th e  r e t i c u l u m  f i b r e s .  A lth o u g h  t h e s e  c e l l s  do n o t  form  

a l i n i n g  to  b lo o d  o r  ly m p h a t ic  c h a n n e ls  t h e y  c a n n o t  on o t h e r  

ground s be s h a r p ly  s e p a r a t e d  from  th e  p r e v i o u s  g r o u p .  As 

Kon ( 1 9 0 8 )  and C orn er  (1 9 2 0 )  h ave  made c l e a r ,  e n d o t h e l i a l  

c e l l s  i n  c e r t a i n  s i t u a t i o n s ,  e . g .  l i v e r ,  m arrow, lymph g l a n d ,  

s p l e e n ,  s u p r a r e n a l ,  k i d n e y ,  e t c .  do a c t u a l l y  p rod u ce  th e  

r e t i c u lu m  f i b r e s  on w h ich  t h e y  l i e ,  and to  them t h e r e f o r e  th e  

term r e t i c u l o - e n d o t h e l i u m  may j u s t l y  be a p p l i e d .  A sh a rp  

s e p a r a t i o n  b e tw een  su ch  c a p i l l a r y  e n d o t h e l iu m  on th e  one hand  

and r e t i c u lu m  c e l l s  on th e  o t h e r  c a n n o t  t h e r e f o r e  be m ade, and  

t h e i r  a f f i n i t y  i s  shown a l s o  by t h e i r  b e h a v io u r  to w a rd s  v i t a l  

s t a i n s .  The t h i r d  group  o f  v i t a l l y  s t a i n e d  c e l l s ,  th e  

h i s t i o c y t e s , a r e  s c a t t e r e d  a lm o s t  ev ery w h ere  th r o u g h o u t  the  

c o n n e c t iv e  t i s s u e s  o f  th e  body i n  t h e  strom a o f  th e  o rgan s  

and in  t h e  l o o s e  a r e o l a r  t i s s u e ,  w i t h  a  more pronounded  

a c c u m u la t io n  around th e  s m a l l e r  b lo o d  v e s s e l s  and n e r v e s .

I t  must be e m p h a s ise d  t h a t ,  when we c o n s i d e r  th e  m in u te  

h i s t o l o g y  o f  t h e  d i f f e r e n t  o r g a n s  a s  r e g a r d s  th e  d i s t r i b u t i o n  

° f  v i t a l l y  s t a i n e d  c e l l s ,  i t  i s  n o t  a lw a y s  e a s y  to  d e c id e
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w h eth er  s u c h  c e l l s  l i e  in  a  c a p i l l a r y  w a l l  o r  j u s t  o u t s i d e  i t ,  

i . e .  w h e th e r  we a r e  d e a l i n g  w i t h  v i t a l l y  s t a i n e d  e n d o th e l iu m  

or  w i t h  a d v e n t i t i a l  h i s t i o c y t e s .  I  h ave  e n c o u n t e r e d  t h i s  

d i f f i c u l t y  e s p e c i a l l y  in  th e  k i d n e y ,  h u t  am i n c l i n e d  t o  th e  

v ie w  t h a t  t h e r e  a r e  e n d o t h e l i a l  c e l l s  e s p e c i a l l y  in  th e  l i n i n g  

o f  th e  i n t e r t u b u l a r  c a p i l l a r i e s  w hich  a r e  more a c t i v e  th a n  

t h e i r  n e ig h b o u r s  and w h ich  may on o c c a s i o n  b eh ave  l i k e  h i s t i o 

c y t e s .  In  th e  p a n c r e a s ,  s a l i v a r y  g la n d s  and t h y r o id  on th e  

o t h e r  h a n d , th e  v i t a l l y  s t a i n e d  c e l l s  do n o t  seem to  b e l o n g  to  

th e  c a p i l l a r y  e n d o th e l iu m  b u t  can g e n e r a l l y  be c l e a r l y  s e e n  to  

l i e  o u t s i d e  th e  w a l l ,  i . e .  t h e y  a r e  a d v e n t i t i a l  c e l l s  ( h i s t i o c y t e s ) .  

I t  m ust a l s o  be em p h a s ise d  t h a t  c e l l s  o f  th e  same ty p e  do n o t  

a l l  e x h i b i t  a t  a n y  one tim e  a  u n ifo rm  c a p a c i t y  t o  s t o r e  v i t a l  

s t a i n s ;  t h u s  a f t e r  in t r a v e n o u s  i n j e c t i o n  o f  dye i t  i s  th e  r u le  

to  f i n d  t h a t  i n  th e  o r g a n s  one o f  s e v e r a l  a d j a c e n t  h i s t i o c y t e s  

i s  i n t e n s e l y  s t a i n e d  and a n o t h e r  i s  a lm o s t  d e v o id  o f  s t a i n i n g ,  

w h ile  a  t h i r d  shows i n t e r m e d i a t e  d e g r e e s  o f  dye s t o r a g e ,  j u s t  

a s  has  b een  o b s e r v e d  in  th e  h i s t i o c y t e s  o f  s u b c u ta n e o u s  t i s s u e  

( s e e  p . 61-66 ) .  A c c o r d in g ly  from t h i s  and o t h e r  o b s e r v a t i o n s  

i t  i s  j u s t i f i a b l e  to  c o n c lu d e  t h a t  th e  f u n c t i o n a l  c a p a c i t y  o f  

such  c e l l s  v a r i e s  from t im e  to  t im e .  The q u e s t io n  t h e r e f o r e  

a r i s e s  a s  to  th e  r e l a t i o n s h i p s  o f  th e  d i f f e r e n t  members o f  th e  

r e t i c u l o - e n d o t h e l i a l  sy s te m  to  e a c h  o t h e r .  Some w r i t e r s  

(S a b in ,  Doan and Cunningham, 1 9 2 5 )  would s e p a r a t e  i n t o  one  

c l a s s  th e  e n d o t h e l i a l  c e l l s  and d e r i v e  from  them th e  h i s t i o c y t e s ,  

w h ile  th e y  p l a c e  in  a n o t h e r  c l a s s  th e  r e t ic u lu m  c e l l s  from
— i T~- ; ->1~ /
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w hich t h e y  c o n s i d e r  t h e  m o n o c y t e s ,  m y e l o b l a s t s  and  g r a n u l a r  

c e l l  s e r i e s  d e v e l o p .  A g a i n s t  t h i s  v ie w  i s  th e  f a c t  t h a t  a s  

r e g a r d s  v i t a l  s t a i n i n g  c a p a c i t y  and o t h e r  c h a r a c t e r s  t r a n s i t i o n s  

a re  m et w i t h  b e tw e e n  t h e  r e t i c u l u m  c e l l s  and t h e  e n d o t h e l i a l  

c e l l s  on t h e  one h a n d , and  b e tw een  m o n o cy te s  and h i s t i o c y t e s  

on t h e  o t h e r .  F u r t h e r ,  no e s s e n t i a l  d i f f e r e n c e  in  f u n c t i o n a l  

a c t i v i t y  h a s  b e e n  o b s e r v e d  b e tw e e n  t h e s e  g r o u p s  s u c h  a s  s e r v e s  

to  d i s t i n g u i s h  t h e  v a r i o u s  c l a s s e s  o f  g r a n u la r  l e u c o c y t e s  

(M u ir , 1 9 0 1 ) .

I t  m u st  b e  c l e a r l y  u n d e r s to o d  t h a t  th e  d i s t r i b u t i o n  o f  

v i t a l l y  s t a i n e d  c e l l s  a s  d e s c r i b e d  ab ove  r e f e r s  o n l y  t o  th e  

u se  o f  s o l u b l e  d y e s .  A f t e r  in t r a v e n o u s  i n j e c t i o n  o f  p a r t i c u l a t e  

m a t t e r ,  e . g .  i n d i a  i n k ,  th e  d i s t r i b u t i o n  o f  t h e  s t a i n e d  c e l l s  i s  

r e s t r i c t e d ,  s i n c e  i n  g e n e r a l  t h e s e  s u b s t a n c e s  do n o t  p a s s  th ro u g h  

th e  c a p i l l a r y  w a l l s .  They a r e  fo u n d  in  t h e  r e t i c u l o - 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  b l o o d - v a s c u l a r  sy stem  and do n o t  u s u a l l y  r e a c h  

th e  r e t i c u l o - e n d o t h e l i a l  c e l l s  o f  th e  lymph g la n d s  o r  t h e  h i s t i o 

c y t e s  o f  a r e o l a r  t i s s u e  ow ing t o  th e  b a r r i e r  i n t e r p o s e d  b y  t h e  

e n d o th e l iu m  o f  t h e  c a p i l l a r y  b lo o d  v e s s e l s .  In  v ie w  o f  th e  

r e l a t i v e l y  enorm ous e x t e n t  o f  t h e  i n t e r s t i t i a l  t i s s u e  i n  o r g a n s ,  

su b c u ta n e o u s  t i s s u e ,  in t e r m u s c u la r  f a s c i a ,  e t c . ,  i t  i s  p r o b a b le  

t h a t  th e  h i s t i o c y t e s  c o n s t i t u t e  a  r e l a t i v e l y  l a r g e  p r o p o r t io n  

o f  th e  t o t a l  number o f  c e l l s  in  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  in  

th e  w id e r  s e n s e .  I t  has  a l s o  b e e n  shown t h a t  t h e  c a p a c i t y  o f  

h i s t i o c y t e s  t o  s t o r e  s o l u b l e  d y e s  and  o t h e r  s u b s t a n c e s  c a n n o t  

r e a d i l y  be  e x h a u s t e d  b y  an y  d o s a g e  t o l e r a t e d  b y  t h e  a n im a l ,  and 

s i n c e /
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s i n c e  s i m i l a r  c e l l s  a r e  c o n s t a n t l y  b e in g  form ed  in  th e  t i s s u e  

to  r e p l a c e  p h y s i o l o g i c a l  w a s t a g e ,  th e r e  m ust e x i s t  in  th e  

t i s s u e s  a  w id e s p r e a d  r e s e r v e  o f  u n d i f f e r e n t i a t e d  c e l l s  w h ich  

can r a p i d l y  p ro d u ce  new h i s t i o c y t e s  in  g r e a t l y  in c r e a s e d  

numbers i f  o c c a s i o n  dem ands. F r o o f  o f  t h i s  p h y s i o l o g i c a l  

w a sta g e  i n  i n t e r n a l  o r g a n s  i s  a f f o r d e d  by th e  c o n t in u o u s  

c i r c u l a t i o n  o f  r e t i c u l o - e n d o t h e l i a l  c e l l s  from  t h e s e  o r g a n s  

to th e  l u n g s ,  w h i l e  new c e l l s  a r i s e  to  ta k e  th e  p l a c e  o f  t h o s e  

d esq u a m a ted . The s u b s e q u e n t  f a t e  o f  th e  s u b s t a n c e s  t r a n s p o r t e d  

i n t r a c e l l u l a r l y  i n  t h i s  way i s  n o t  known w i t h  c e r t a i n t y ,  bu t  

i t  has  b een  s u g g e s t e d  t h a t  th e  lu n g s  may p l a y  an im p o r ta n t  p a r t  

i n  th e  m e ta b o l is m  o f  l i p o i d s  and o t h e r  s u b s t a n c e s  (S t e w a r t  1 9 2 3 ) .  

T hese  a r e  p o i n t s  w h ich  m u st be born e  in  mind in  c o n s i d e r i n g  th e  

p o s s i b i l i t y  o f  th ro w in g  o u t  o f  a c t i o n  th e  c e l l s  o f  th e  r e t i c u l o 

e n d o t h e l i a l  s y s te m  a s  a  w h o le ,  i . e .  th e  s o - c a l l e d  r e t i c u l o 

e n d o t h e l i a l  b l o c k a d e , by i n j e c t i n g  i n t r a v e n o u s l y  more o r  l e s s  

i n e r t  s u b s t a n c e s  such  a s  i n d i a  in k  o r  s a c c h a r a t e d  o x id e  o f  

i r o n ,  o r  b y  th e  u se  o f  s o l u b l e  d y e s .  F o r  t h e s e  r e a s o n s

above s t a t e d  and  o t h e r s  w h ich  w i l l  form th e  s u b j e c t  o f  a
( s e e  p .  383)

s e p a r a t e  co m m u n ica tio n ;^  b e l i e v e  t h a t  e f f e c t i v e  i n h i b i t i o n  o f  

th e  f u n c t i o n s  o f  th e  r e t i c u l o - e n d o t h e l i a l  s y s t e m ,  i . e .  b l o c k a d e ,  

i s  a p h y s i o l o g i c a l  i m p o s s i b i l i t y .  A lth o u g h  c e l l s  w h ich  have  

i n g e s t e d  l a r g e  am ounts o f  dye a r e  n o t  n e c e s s a r i l y  f u n c t i o n a l l y  

p a r a ly s e d ,  a s  h a s  been shown by d o u b l e - s t a i n i n g  e x p e r i m e n t s ,  

i t  has been  n o t e d  th a t  a  p r o p o r t io n  o f  th e  s t a i n e d  c e l l s  may 

f a i l  to  ta k e  up a s u b s e q u e n t ly  i n j e c t e d  s u b s t a n c e .  F u r t h e r ,  

i t /
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i t  has  b een  r e p e a t e d l y  fo u n d  t h a t  h e a v i l y  d y e - la d e n  c e l l s ,  

w h i l e  s t i l l  a b l e  to  a b s o r b  more dye in  s i t u , a r e  no l o n g e r  

ca p a b le  o f  t h e  r a p id  r e a c t i v e  m ig r a t o r y  m ovem ents w h ich  

c h a r a c t e r i s e  n o rm a l h i s t i o c y t e s .  S u ch  c e l l s  f r e q u e n t l y  f a i l  

to  m ig r a t e  i n  r e s p o n s e  to  th e  s t im u lu s  o f  l o c a l  i r r i t a t i o n ,  

w h ich  i s  t h e n  m et by th e  d e v e lo p m en t o f  new u n s t a in e d  c e l l s  

from  th e  o m n ip r e s e n t  t i s s u e  r e s e r v e  to  w h ich  a t t e n t i o n  h a s  

b een  drawn.
Hi

The r e t i c u l o - e n d o t h e l i a l  sy s te m  d o es  h o t ,  h o w e v e r ,  

i n c lu d e  a l l  th e  c e l l s  w h ich  show d e f i n i t e  c a p a c i t y  to  s t o r e

d y e s t u f f s  in  t h e  form  o f  g r a n u l e s ,  f o r  in  a d d i t i o n  to  th e  

e le m e n t s  c o m p r is in g  t h i s  s y s te m  one f i n d s  dye g r a n u l e s  in  th e  

c e l l s  o f  th e  r e n a l  c o n v o lu t e d  t u b u l e s ,  in  th e  e p i t h e l i a l  c e l l s  

o f  th e  s u p r a r e n a l  g la n d s  and c h o r o id  p l e x u s ,  in  th e  i n t e r s t i t i a l  

c e l l s  o f  th e  t e s t i s  and t h e c a  c e l l s  o f  o v a r ia n  f o l l i c l e s ,  and  

in  some a n im a l  s p e c i e s  i n  th e  h e p a t i c  c e l l s .  T h ese  a r e  n o t  

in c lu d e d  b y  A s c h o f f  in  th e  r e t i c u l o - e n d o t h e l i a l  s y s t e m ,  b u t  th e  

f a c t  t h a t  t h e y  may in  c o n d i t i o n s  o f  i n t e n s e  a d m i n i s t r a t i o n  

e x h i b i t  a  c o n s i d e r a b l e  d e g r e e  o f  v i t a l  s t a i n i n g  shows t h a t  t h i s  

p r o p e r t y  i s  a  v e r y  w i d e l y  d e v e lo p e d  one and t h a t  v i t a l  s t a i n i n g  

i s  a  r e l a t i v e  term . In  t h i s  c o n n e c t io n  E would em p h a size  

th a t  th e  m echanism  by w h ich  dye s t o r a g e  i s  e f f e c t e d  i s  n o t  a s  

y e t  u n d e r s to o d .  At p r e s e n t  i t  i s  n o t  j u s t i f i a b l e  to  assume  

t h a t  th e  m echanism  o f  dye c o n c e n t r a t i o n  w i t h  th e  f o r m a t io n  

o f  i n t r a c e l l u l a r  d e p o s i t s  i s  th e  same in  th e  e p i t h e l i a l  c e l l s  

o f  th e  k i d n e y ,  l i v e r ,  e t c . ,  a s  i n  th e  h i s t i o c y t e s  and o t h e r  

c e l l s  o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m .  As h a s  been
r\r\ ̂  v> /
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p o in t e d  o u t ,  e p i t h e l i a l  c e l l s  may he  p erm ea b le  to  d y e s  and  

t r a n s f e r  them from  th e  b lo o d  i n t o  th e  s e c r e t i o n  o f  th e  g la n d  

w ith o u t  g i v i n g  r i s e  to  i n t r a c e l l u l a r  d e p o s i t s ,  w h i l e  on th e  

o t h e r  hand g r a n u l e s  o f  th e  same dye may be p r e s e n t  in  th e  

c e l l s  o f  o t h e r  g la n d s  o f  th e  same a n im a l  w i t h o u t  g i v i n g  r i s e  

to  c o l o u r a t i o n  o f  th e  g la n d  s e c r e t i o n .  A s t r i k i n g  exam ple  

o f  t h i s  i s  a f f o r d e d  b y  a  l a c t a t i n g  r a b b i t  i n j e c t e d  w i t h  tr y p a n  

b lu e ;  t h e  mammary g la n d  c e l l s  c o n t a i n  no dye g r a n u l e s ,  b u t  th e  

m i l k  i s  c o lo u r e d ;  on th e  o t h e r  hand t h e  l i v e r  c e l l s  c o n t a i n  

g r a n u l e s  o f  t h e  dye bu t th e  b i l e  i s  u n s t a i n e d .  k u r t h e r  i t  i s  

known t h a t  th e  l i v e r  e x c r e t e s  many d y e s  i n t o  th e  b i l e  w i t h o u t  

th e  f o r m a t i o n  o f  i n t r a c e l l u l a r  d e p o s i t s ,  e . g .  b r i l l i a n t  v i t a l  

red u se d  in  b lo o d  volum e d e t e r m i n a t i o n s ,  and d y e s  o f  th e  

p h e n o l p h t h a l e i n  g ro u p  now used  in  l i v e r  f u n c t i o n  t e s t s .

From what h a s  been  s a i d  i t  i s  c l e a r  t h a t  th e  f o r m a t io n  o f  

i n t r a c e l l u l a r  dye  g r a n u l e s  m ust depend on so m e th in g  more th a n  

th e  p e n e t r a t i o n  o f  th e  dye i n t o  t h e  c e l l ,  and t h a t  th e  

a d d i t i o n a l  f a c t o r s  c o n c e r n e d  v a r y  i n  d i f f e r e n t  c e l l s  in  the  

same a n im a l  and a s  b e tw een  d i f f e r e n t  a n im a ls*

0 O0
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I I I .  The l a t e  r e s u l t s  o f  in t r a v e n o u s  i n j e c t i o n  o f  

c o l l o i d a l  i r o n .

M e th o d s .

L iv e r .

S p le e n .

Bone M arrow.

L ym phatic  G la n d s .

Omentum, M e s e n te r ie s  and  C o n n ec tiv e  T is s u e s .

Mammary G la n d s .

S tom ach.

I n t e s t i n e s .

K id n e y s .

L ungs.

S u p ra re n a l  G la n d s .

P a n c re a s .

B r a in .

D is c u s s io n .
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D u r in g  e x p e r im e n ts  on i n t r a v i t a m  s t a i n i n g  w i t h  i n s o l u b l e  

s u s p e n s o i d  p r e p a r a t i o n s ,  s a c c h a r a t e d  o x id e  o f  i r o n  was fou n d  

t o  b e  w e l l  a d a p te d  t o  in t r a v e n o u s  i n j e c t i o n  and  t h e  d i s t r i b u 

t i o n  o f  i r o n  a f t e r  a d m i n i s t r a t i o n  b y  t h i s  r o u t e  w a s  f u l l y  

i n v e s t i g a t e d .  S a c c h a r a t e d  o x id e  o f  i r o n  i s  a t  f i r s t  ta k e n  

up  b y  c e r t a i n  c e l l s  o f  th e  r e t i c u l o - e n d o t h e l i a l  s y s t e m .  I t s  

d i s t r i b u t i o n  im m e d ia te ly  a f t e r  in t r a v e n o u s  i n j e c t i o n  i s  

s i m i l a r  t o  t h a t  o f  o t h e r  f i n e l y  d i v i d e d  p a r t i c u l a t e  s u s p e n s i o n s  

b u t  i r o n  o x id e  d o e s  n o t  b eh ave  a s  an  i n e r t  s u b s t a n c e  a f t e r  

d e p o s i t i o n  i n  t h e  t i s s u e s  and th e  f u r t h e r  ch an ges  w h ic h  e n s u e  

do n o t  a p p ea r  t o  h ave  b een  a d e q u a t e l y  i n v e s t i g a t e d  h i t h e r t o .

A s e r i e s  o f  e x p e r im e n ts  was a c c o r d i n g l y  u n d e r ta k e n  i n  o r d e r  t o  

t r a c e  t h e  u l t i m a t e  f a t e  o f  th e  i n j e c t e d  i r o n ,  and t o  f o l l o w  

t h e  a l t e r a t i o n s  i n  i t s  d i s t r i b u t i o n  and s i t e s  o f  s t o r a g e  w i t h  

i n c r e a s i n g  la p s e  o f  t i m e ,  and th e  r e s u l t s  form  t h e  s u b j e c t  o f  

t h e  p r e s e n t  s t u d y .  T h ese  e x p e r im e n ts  d i f f e r  from  t h o s e  

r e c o r d e d  b y  P o i s o n  (1 9 2 8 ;  1 9 2 9 )  i n  t h a t  t h e r e  i s  no f l o c c u l a 

t i o n  o f  t h e  i r o n  s o l u t i o n  i n  c o n t a c t  w i t h  th e  b lo o d  p lasm a;  

c o n s e q u e n t l y  pulm onary em b o lism  d o e s  n o t  o c cu r  and h e n c e  t h e  

lu n g s  do n o t  c o n s t i t u t e  a s t o r e h o u s e  from  w h ic h  i r o n  i s  

a b so r b e d  s l o w l y  t o  be  d e p o s i t e d  i n  o t h e r  o r g a n s .
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M e th o d s .

M ice w ere  u s e d  c h i e f l y ,  a n im a ls  o f  a b o u t  2 0  grammes' 

w e ig h t  b e i n g  c h o s e n  a s  f a r  a s  p o s s i b l e ,  b u t  i n  some c a s e s  

o l d e r  a n im a ls  w e ig h in g  up  t o  3 0  grammes we r e  e m p lo y e d .  I n  a 

few  e x p e r im e n t s  w h i t e  r a t s  w ere  a l s o  u s e d .  A s t a n d a r d  d i e t  

o f  brown b r e a d ,  o a t s  and m i l k  was e m p lo y e d .  The s e x e s  w ere  

s e g r e g a t e d  th r o u g h o u t  t h e  e x p e r im e n t s .  A w ide r a n g e  o f  

d o s e s  o f  s a c c h a r a t e d  o x id e  o f  i r o n  was e m p lo y e d ,  i n  o r d e r  t o  

f i n d  th e  maximum s a f e l y  t o l e r a t e d  d o s e ,  b o t h  t o t a l  amount and  

c o n c e n t r a t i o n  o f  t h e  i r o n  s o l u t i o n  b e i n g  v a r i e d .  D osage  was 

a lw a y s  c a l c u l a t e d  p er  2 0  grammes body  w e i g h t ,  and t h e  a n im a ls  

w ere  w e ig h e d  b e f o r e  e a c h  i n j e c t i o n  a f t e r  f a s t i n g  o v e r n i g h t .

I t  was fo u n d  t h a t  0*3 c . c .  o f  a 10  p er  c e n t ,  s o l u t i o n  b y  w e ig h t  

o f  s u g a r  o f  i r o n  *  i n  d i s t i l l e d  w a te r  was th e  maximum s a f e l y  

t o l e r a t e d  d o s e ,  w i t h  t h e  sam p le  o f  su g a r  o f  i r o n  em ployed  a t  

t h a t  t im e  e v e n  when i n j e c t i o n  was perform ed  a s  s l o w l y  a s  

p o s s i b l e .  Some a n im a ls  t o l e r a t e d  c o n s i d e r a b l y  l a r g e r  d o s e s ,  

e . g .  0*5 c . c .  o f  a  10 p e r  c e n t ,  s o l u t i o n ,  or  0*3 c . c .  o f  a 

2 0  p e r  c e n t ,  s o l u t i o n ,  b u t  t h e s e  d o s e s  w ere fo u n d  t o  k i l l  a 

c e r t a i n  number o f  th e  i n j e c t e d  a n i m a l s ,  and c o u ld  n o t  t h e r e 

f o r e  be  e m p lo y e d .  I t  was o b s e r v e d  t h a t  a f t e r  r e p e a t e d  i n j e c 

t i o n s ,  t h e  m ice  a p p ea red  t o  t o l e r a t e  l a r g e r  d o s e s  th a n  d id  

a n im a ls  n o t  p r e v i o u s l y  i n j e c t e d .  The t o x i c i t y  o f  d i f f e r e n t

x  T h is  p r e p a r a t io n  c o n t a in s  2* 8  per  c e n t ,  o f  m e t a l l i c  i r o n .
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sa m p les  o f  s u g a r  o f  i r o n  a p p ea red  t o  v a r y ,  and some had t o  

be d i s c a r d e d  ow ing t o  t h e i r  i r r e g u l a r  e f f e c t s .

I t  was p r e v i o u s l y  m e n t io n e d  t h a t  th e  s a c c h a r a t e d  o x id e  

o f  i r o n  u s e d  i n  t h e s e  e x p e r im e n ts  form ed an o p a l e s c e n t  s u s p e n -  

s o i d  s o l u t i o n  w h ich  was a c t u a l l y  p a r t i c u l a t e .  O th er  sa m p le s  

o f  s a c c h a r a t e d  o x id e  o f  i r o n  h ave  b e e n  fo u n d  t o  y i e l d  c l e a r  

t r a n s p a r e n t  brown s o l u t i o n s  f r e e  from  s u s p e n d e d  p a r t i c l e s ;  

s o l u t i o n s  o f  t h i s  c h a r a c t e r  h ave  b e e n  em p lo y ed  i n  r e c e n t  w ork ,  

and h ave  i n  g e n e r a l  y i e l d e d  s i m i l a r  r e s u l t s .  In  a few  

e x p e r im e n t s  i r o n  ammonium c i t r a t e  has  b e e n  a d m i n i s t e r e d  i n t r a 

v e n o u s l y  i n  s i n g l e  or  r e p e a t e d  d o s e s .  T h is  s a l t  i s  s t a t e d  

t o  form  a  n o n - c o l l o i d a l  s o l u t i o n ,  bu t t h e  r e s u l t s  f o l l o w i n g  

I n tr a v e n o u s  a d m i n i s t r a t i o n  a r e  s t r i k i n g l y  s i m i l a r  t o  t h o s e  

a f t e r  c o l l o i d a l  i r o n .  S in c e  t h i s  s u b s t a n c e  i s  f a i r l y  t o x i c  

i t  was p o s s i b l e  t o  a d m in is t e r  o n ly  s m a l l  d o s e s ,  b u t  d a i l y  

r e p e t i t i o n  seem ed  t o  l e a d  t o  i n c r e a s e d  t o l e r a n c e .  A 1 per  

c e n t ,  s o l u t i o n  n e u t r a l i s e d  w i t h  N /1 0  Na H. C. O3  was a d m in is 

t e r e d  i n  d o s e s  o f  0*5 t o  1*0  c . c .  t o  r a t s  o f  150  t o  25 0  

gram m es.

In tr a v e n o u s  i n j e c t i o n s  w ere made i n t o  th e  t a i l  v e i n s  o f  

m ice  and r a t s  and t h e  a n im a ls  were t h e n  k i l l e d  a t  i n t e r v a l s  

from 1 0  m in u te s  up  t o  d ays and weeks a f t e r  a  s i n g l e  i n j e c t i o n .  

R e p e a te d  i n j e c t i o n s  were a l s o  g i v e n ,  a t  w e e k ly  i n t e r v a l s ,  

b e g in n in g  w i t h  0*3 c . c . ,  i n c r e a s e d  a f t e r  t h e  f o u r t h  d o s e  t o



184

0*45  c . c .  o f  1 0  p er  c e n t ,  s o l u t i o n  and t h e n  t o  0*5 c . c .  o f  

2 0  p e r  c e n t ,  s o l u t i o n ,  e i g h t  d o s e s  b e in g  a d m i n i s t e r e d  t o  th e  

a n im a ls  i n  t h e  l o n g e s t  e x p e r i m e n t s .  To o t h e r  a n im a ls  a 

s e r i e s  o f  s m a l l e r  d o s e s ,  e . g .  0*3 c . c .  o f  a  1 p e r  c e n t ,  s o l u 

t i o n  w ere  g i v e n  a t  i n t e r v a l s  o f  a  d a y  or  l o n g e r .  A nim als  

w ere  exam in ed  w e e k ly ,  one or  more b e in g  c h lo r o fo r m e d  and th e  

rem a in d e r  r e i n j e c t e d ;  In  some c a s e s  s e v e r a l  a n im a ls  were  

k i l l e d  a t  v a r y in g  i n t e r v a l s  a f t e r  t h e  same number o f  i n j e c t i o n s .  

I n  a l l  8 0  m ice  and 10  r a t s  have b een  u s e d ,  t h e  l o n g e s t  p e r io d  

o f  s u r v i v a l  b e in g  14 months a f t e r  t h e  l a s t  i n j e c t i o n .

H i s t o l o g i c a l  T e c h n iq u e .

In  t h e  m a j o r i t y  o f  c a s e s  t h e  a n im a ls  w ere k i l l e d  when i n  

good  c o n d i t i o n ,  b u t  a few  d i e d  o f  i n t e r c u r r e n t  d i s e a s e .

Prom some a n im a ls  p o r t i o n s  o f  omentum, m e s e n te r y  and s u b 

c u ta n e o u s  t i s s u e  from  d i f f e r e n t  s i t u a t i o n s  were s p r e a d  o u t on  

l a r g e  c o v e r  s l i p s  and f i x e d  w h i l e  w et  i n  1 0  p er  c e n t ,  fo r m o l  

a l c o h o l .  T i s s u e s  w ere  f i x e d  i n  10 p er  c e n t ,  fo r m o l  s a l i n e ,  

a l s o  p o r t io n s  o f  t h e  v a r io u s  o rgan s  w ere  a t  once p l a c e d  i n  a 

warm m ix tu r e  o f  p o t a s s iu m  f e r r o c y a n ld e  and h y d r o c h l o r i c  a c i d ,  

and t h e  r e a c t i o n  f o r  th e  p r e s e n c e  o f  f r e e  i r o n  was n o t e d .

I n  some t h e  lu n g s  w ere i n f l a t e d  w i t h  f o r m a l in  and t h e  t r a c h e a  

l i g a t u r e d ;  th e  p er ito n e u m  and p l e u r a l  c a v i t i e s  w ere  f i l l e d  

w it h  1 0  p e r  c e n t ,  f o r m a l in  th r o u g h  a  f i n e  g l a s s  p i p e t t e ,  and  

th e  a n im a ls  w ere t h e n  f i x e d  w h ole  I n  f o r m a l i n  f o r  24  hou rs In
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o r d e r  t o  c o a g u l a t e  t h e  b l o o d  i n  t h e  g r e a t  v e s s e l s ,  s o  t h a t  

t h e i r  c e l l u l a r  c o n t e n t s  m ig h t  be  ex a m in ed  i n  s e c t i o n s .  T i s s u e s  

w ere embedded i n  p a r a f f i n  and s e c t i o n e d  a t  6  -  7 jj.; f o r  

s p e c i a l  p u r p o se s  t h i n n e r  s e c t i o n s  w ere  e m p lo y e d .  S e c t i o n s  

w ere  s t a i n e d  by h a e m a t o x y l in  and e o s i n  and  o t h e r s  w ere  exam in ed  

f o r  i r o n  b y  p o u r in g  o v e r  them  a  m ix t u r e  o f  e q u a l  p a r t s  o f  

4 p e r  c e n t ,  p o t a s s iu m  f e r r o c y a n i d e  and 4  p er  c e n t ,  h y d r o c h l o r i c  

a c i d ,  h e a t e d  t o  5 0 °  -  55°G . The i r o n  r e a c t i o n  i s  th u s  o b t a in e d  

i n s t a n t a n e o u s l y  and v e r y  s h a r p l y  d e f i n e d  s t a i n i n g  r e s u l t s .  

T reatm en t w i t h  ammonium s u lp h id e  was n o t  fo u n d  t o  d e m o n str a te  

a n y  a d d i t i o n a l  i r o n .  As a  c o u n t e r s t a i n  carmalum or  a c e t i c  

f u c h s i n  was u s e d ,  and s e c t i o n s  w ere  m ounted i n  G u rr 's  medium 

a s  t h i s  has b e e n  fo u n d  t o  p r e s e r v e  th e  p r u s s i a n  b lu e  r e a c t i o n  

i n d e f i n i t e l y ,  w hereas  sp e c im e n s  m ounted i n  b a lsam  f r e q u e n t l y  

become d e c o l o r i s e d  a f t e r  months or  y e a r s .  The s p r e a d  p r e p a r a 

t i o n s  o f  su b c u ta n e o u s  t i s s u e ,  omentum and m e s e n te r y  w ere  

t r e a t e d  w i t h  th e  i r o n  r e a g e n t s  a t  3 7 °C .^ a s  warmer s o l u t i o n s  

f r e q u e n t l y  c a u s e d  t h e  t i s s u e  t o  l e a v e  t h e  c o v e r - g l a s s ,  and  

w ere t h e n  c o u n t e r s t a i n e d  w i t h  carmalum.

W hile  th e  im m ediate  e f f e c t s  o f  in t r a v e n o u s  i n j e c t i o n  o f  

s a c c h a r a t e d  o x id e  o f  i r o n  h ave  a l r e a d y  b e e n  d e s c r i b e d  i t  i s  

c o n v e n ie n t  t o  r e c a p i t u l a t e  t h e  r e s u l t s  b r i e f l y  h e r e .  L ike  

o t h e r  i n s o l u b l e  s u s p e n s o l d s ,  i r o n  o x id e  i s  t a k e n  up  b y  th e  

r e t i c u l o - e n d o t h e l i a l  c e l l s  l i n i n g  th e  b lo o d  v a s c u l a r  c h a n n e ls



and b y  a  p r o p o r t i o n  o f  th e  c i r c u l a t i n g  b l o o d  l e u c o c y t e s  w h ic h  

t h e n  l e a v e  t h e  p e r i p h e r a l  c i r c u l a t i o n  and a r e  r e t a i n e d  

t e m p o r a r i l y  i n  t h e  i n t e r n a l  o r g a n s . A f t e r  a s h o r t  t im e  th e  

i r o n  b ecom es c o n c e n t r a t e d  w i t h i n  t h e  c e l l s  w h ic h  h ave  i n g e s t e d  

i t  and t h e  d i f f u s e  b l u i n g  o f  t h e  c y to p la s m  g i v e s  p l a c e  t o  a 

more i n t e n s e  g r a n u la r  b lu e  s t a i n i n g  on a p p l y i n g  t h e  p r u s s i a n  

b l u e  r e a g e n t s .  In  c o u r s e  o f  t im e  th e  c e l l s  a p p ea r  t o  a c t  

f u r t h e r  up on  th e  i n t r a c e l l u l a r  i r o n  and s e t  f r e e  w i t h i n  th e  

b l o o d  v e s s e l s  a  s o l u b l e  i r o n  compound i n  t h e  p lasm a w h ic h  

c a u s e s  t h e  l a t t e r  t o  assum e a  d i s t i n c t  d i f f u s e  b lu e  c o l o u r ,  

on t r e a t i n g  s e c t i o n s  w i t h  h y d r o c h l o r i c  a c i d  and f e r r o c y a n i d e  

o f  p o t a s s iu m .  R a r e ly  t r a c e s  o f  t h i s  a r e  fo u n d  24  hou rs  

a f t e r  i n j e c t i o n ,  b u t ,  as  a  r u l e ,  i t  a p p e a r s  a b o u t  72  hou rs  

a f t e r  i n j e c t i o n  and i n c r e a s e s  i n  amount d u r in g  t h e  f o l l o w i n g  

w e e k s .  T h is  s o l u b l e  i r o n  t h e n  c o n t in u e s  t o  c i r c u l a t e  i n  t h e  

p lasm a and g i v e s  r i s e  t o  i r o n  d e p o s i t i o n  i n  t h e  o rgan s  o f  

q u i t e  a  d i f f e r e n t  d i s t r i b u t i o n  from  t h a t  i n i t i a l l y  prod u ced  

b y  t h e  in t r a v e n o u s  i n j e c t i o n .

The h i s t o l o g i c a l  f i n d i n g s  i n  t h e  v a r io u s  o rgan s  a f t e r  

v a r y i n g  p e r io d s  w i l l  f i r s t  be d e s c r i b e d ,  t h e  s i g n i f i c a n c e  o f  

th e  o b s e r v a t i o n s  and t h e i r  b e a r in g  on p a t h o l o g i c a l  problem s  

w i l l  t h e n  be  d i s c u s s e d .  I t  i s  t o  be n o t e d  t h a t  m ice  a r e  

p a r t i c u l a r l y  s u i t a b l e  a n im a ls  i n  w h ic h  t o  o b se r v e  t h e  d i s t r i 

b u t i o n  o f  i r o n  over  lo n g  p e r i o d s ,  f o r  t h e i r  organs  and t i s s u e s
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r a r e l y  e x h i b i t  an y  n a t u r a l  s i d e r o s i s ;  t h e  t i s s u e s  o f  r a b b i t s ,  

on t h e  c o n t r a r y ,  a r e  e x t r e m e ly  v a r i a b l e  i n  t h e i r  i r o n  c o n t e n t .

LIVER.

F or  t h e  f i r s t  24 hou rs a f t e r  in t r a v e n o u s  i n j e c t i o n  th e  

i r o n  i s  c o n f i n e d  t o  l e u c o c y t e s  i n  t h e  s i n u s o i d s  and  t o  th e  

e n d o t h e l i a l  c e l l s  and K u p ffe r  c e l l s  l i n i n g  t h e i r  w a l l s ;  i t s  

d i s t r i b u t i o n  i s  t h e n  f a i r l y  u n ifo r m  th r o u g h o u t  th e  l o b u l e s .  

D u r in g  t h e  f o l l o w i n g  96 h ou rs  two s e r i e s  o f  ch a n g es  a p p e a r .

I n  t h e  f i r s t  p l a c e ,  th e  e n g o r g e d  K u p ffe r  c e l l s  and  e n d o t h e l i a l  

c e l l s  commence t o  m ig r a t e  a s  d e s c r i b e d  p r e v i o u s l y ,  some 

p a s s i n g  i n t o  t h e  b lo o d  s tr e a m  a s  f r e e  'b lo o d  h i s t i o c y t e s '  

w h i l e  o t h e r s  wander i n t o  t h e  s tro m a  o f  t h e  p o r t a l  t r a c t s  and  

G l i s s o n ' s  c a p s u le  w here  t h e y  a c cu m u la te  a s  s m a l l  f o c i  o f
( f i g s . 5 6 ,58 ,59 )

h e a v i l y  i r o n - l a d e n  c e l l s .  T h is  m i g r a t i o n  o f  la d e n  c e l l s  i s  

fo u n d  a f t e r  v i t a l  s t a i n i n g  w i t h  a n y  o f  t h e  commonly u s e d  d yes  

or  s u s p e n s o i d s ,  and when th e  i n g e s t e d  m a t e r i a l  i s  i n s o l u b l e  

and i n e r t ,  e . g .  c a rb o n  p a r t i c l e s ,  t h e  h e p a t i c  c o n n e c t i v e  

t i s s u e  w i l l  c o n t in u e  t o  show i t s  p r e s e n c e  f o r  v e r y  lo n g  p e r i o d s .  

I r o n  un der  s u c h  c ir c u m s t a n c e s  i s  n o t ,  h o w ev er ,  s o  i n e r t  as  

c a r b o n  a n d , w h i l e  i t s  p r e s e n c e  i s  r e c o g n i s a b l e  h i s t o l o g i c a l l y  

f o r  many months i n  m acrophages l y i n g  i n  th e  p o r t a l  t r a c t s , 

t h e  i n t e n s i t y  o f  th e  i n t r a c e l l u l a r  i r o n  r e a c t i o n  g r a d u a l l y  

d im in i s h e s  and f i n a l l y  may p r a c t i c a l l y  d i s a p p e a r .
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The s e c o n d  s e r i e s  o f  ch an ges  seem s t o  r e s u l t  from  t h e  

a p p ea r a n c e  i n  t h e  b lo o d  p lasm a o f  s o l u b l e  or l o o s e l y  bound  

i r o n .  The h e p a t i c  c e l l s ,  w h ic h  a t  f i r s t  w ere  c o m p l e t e l y  f r e e  

from  a l l  t r a c e  o f  i r o n ,  b e g in  t o  e x h i b i t  i n  some a n im a ls  

d e f i n i t e  a c c u m u la t io n  o f  i r o n  i n  t h e i r  c y to p la s m  a f t e r  a b o u t  

72  h o u r s ,  i n  o t h e r s  n o t  u n t i l  ab ou t 10 d a y s .  The c e l l s  f i r s t  

a f f e c t e d  a r e  g e n e r a l l y  t h o s e  s i t u a t e d  tow ard  t h e  c e n t r e  o f  th e  

h e p a t i c  l o b u l e s ,  s o  t h a t  t h e  c e n t r a l  v e i n s  and i n f r a l o b u l a r  

v e i n s  come t o  be  su rro u n d ed  b y  a zo n e  o f  parenchym a c e l l s  i n  

w h ic h  th e  c y to p la s m  g i v e s  a  f a i n t  d i f f u s e  P r u s s i a n  b lu e  

r e a c t i o n .  Som etim es t h e  p e r i p h e r a l  c e l l s  o f  th e  l o b u l e  a r e  

a l s o  a f f e c t e d  or  a r e  a f f e c t e d  e v e n  b e f o r e  t h e  c e n t r a l  c e l l s ,  

w h i l e  t h o s e  o f  th e  i n t e r m e d i a t e  zone a r e  s t i l l  f r e e  from  i r o n .  

I t  I s  a s t r i k i n g  f e a t u r e  t h a t  i n d i v i d u a l  c e l l s  I n  th e  a f f e c t e d  

zo n e  may e x h i b i t  a  v e r y  much more pronou nced  i r o n  r e a c t i o n  

th a n  t h e i r  n e ig h b o u r s ,  and i n  s u c h  c e l l s  th e  i r o n  assu m es a 

f i n e l y  g r a n u la r  form  e a r l i e r  th a n  i n  l e s s  a f f e c t e d  c e l l s .  The 

i r o n  c o n t e n t  o f  th e  l i v e r  c e l l s  i n c r e a s e s  p r o g r e s s i v e l y  d u r in g

th e  n e x t  few  w eek s u n t i l  u s u a l l y  a l l  t h e  c e l l s  a r e  a f f e c t e d ,
( f i g . 56)

b u t  i t  rem a in s  m o st  p ronou nced  i n  t h e  r e g i o n  I n  w h ic h  i t  f i r s t  

a p p e a r e d ,  v i z .  th e  c e n t r a l  and p e r i p h e r a l  z o n e s  w h i l e  t h e  

I n t e r m e d ia t e  z o n e s  a r e  l e s s  a f f e c t e d .  S i x  t o  e i g h t  weeks  

a f t e r  a  s i n g l e  i n j e c t i o n  th e  i r o n  c o n t e n t  o f  th e  l i v e r  c e l l s  

u n d e rg o e s  d im in u t io n  p r o b a b ly  owing t o  c o n t in u e d  e x c r e t i o n  o f  

th e  i r o n ,  b u t  i n  t h e  e x p e r im e n ts  o f  l o n g e s t  d u r a t i o n  th e
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h e p a t i c  parenchym a c e l l s  w ere s t i l l  fo u n d  t o  c o n t a i n  h i s t o 

l o g i c a l l y  d e m o n s tr a b le  i r o n .

W ith  sa m p le s  o f  s a c c h a r a t e d  o x id e  o f  i r o n  y i e l d i n g  c l e a r  

brown s o l u t i o n s  a  s i m i l a r  s e q u e n c e  o f  e v e n t s  i s  o b s e r v e d ,  b u t  

t h e  i r o n  i s  n o t  ta k e n  up  b y  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  as  

r a p i d l y  a s  i s  th e  s u s p e n s  o l d  p r e p a r a t i o n .  I r o n  ammonium 

c i t r a t e  i s  a l s o  ta k e n  up f i r s t  by t h e  K u p ffe r  c e l l s  b u t  

r e q u i r e d  t o  c i r c u l a t e  f o r  a b o u t  12 h ou rs  b e f o r e  i n t r a c e l l u l a r  

g r a n u le s  a p p e a r .  T h ese  d i f f e r e n c e s  a r e  t o  be  e x p e c t e d  

s i n c e  i t  was p r e v i o u s l y  p o in t e d  o u t  t h a t  s u s p e n s o i d  s u b s t a n c e s  

a r e  t a k e n  up  much more r a p i d l y  th a n  d y es  i n  s o l u t i o n .  W ith  

b o t h  s o l u b l e  o x id e  and ammonium c i t r a t e  o f  i r o n ,  h o w e v e r ,  

s t o r a g e  i n  t h e  l i v e r  c e l l s  d o es  n o t  u s u a l l y  a p p ea r  u n t i l  

a b o u t  t e n  d a y s  a f t e r  i n j e c t i o n ,  i . e .  a f t e r  an  i n t e r v a l  s i m i l a r  

t o  t h a t  r e q u i r e d  a f t e r  s u s p e n s o id  p r e p a r a t i o n .  These o b s e r 

v a t i o n s  w ou ld  s u g g e s t  t h a t  i n  o r d e r  t o  e n t e r  t h e  h e p a t i c  and  

o t h e r  parenchyma c e l l s  i r o n  has t o  be l in k e d  i n  some way,  

p erh a p s  i n  c o m b in a t io n  w i t h  p r o t e i n s  ( C l o e t t a )  and t h a t  t h i s  

may be b r o u g h t  a b o u t  by t h e  a c t i v i t y  o f  t h e  c e l l s  o f  th e  

r e t i c u l o - e n d o t h e l i a l  s y s t e m .

A f t e r  r e p e a t e d  I n j e c t i o n s  o f  i r o n  o x id e  a t  w e e k ly  

i n t e r v a l s  t h e  amount o f  i r o n  s t o r e d  i n  t h e  l i v e r  becom es v e r y  

g r e a t .  F o l lo w in g  e a c h  i n j e c t i o n  t h e r e  i s  t h e  same c y c l e  o f  

ch an ges  d e s c r i b e d  a f t e r  a s i n g l e  i n j e c t i o n :  th e  i r o n  i s  a t

f i r s t  s t o r e d  i n  t h e  e n d o t h e l i a l  and K u p f fe r  c e l l s ,  w h ic h  i n
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tu r n  m i g r a t e  from  t h e  s i n u s o i d s  i n t o  t h e  p o r t a l  t r a c t s  e t c .

The amount o f  i r o n  i n  t h e s e  s i t u a t i o n s  th u s  i n c r e a s e s  w i t h  

e a c h  f r e s h  i n v a s i o n  o f  i r o n - c o n t a i n i n g  c e l l s ,  and t h e r e  i s  a 

c o n t in u o u s  m i g r a t i o n  o f  i r o n - c o n t a i n i n g  p h a g o c y t e s  a l o n g  t h e  

p o r t a l  t r a c t s  t o  t h e  h i lu m  o f  t h e  l i v e r  where t h e y  may be  

s e e n  a f t e r  many w eeks i n  l a r g e  numbers around th e  m ain  v e s s e l s  

and d u c t s ,  a p p a r e n t ly  m aking t h e i r  way i n t o  th e  ly m p h a t ic s  

d r a i n i n g  t h e  l i v e r .  T h e ir  r a t e  o f  m i g r a t i o n ,  h o w e v e r ,  i s

v e r y  s lo w ;  months a f t e r  th e  l a s t  i n j e c t i o n  o f  i r o n  th e  p o r t a l
( f i g s . 5 7 , 5 8 , 5 9 )

t r a c t s  s t i l l  c o n t a i n  many i r o n  p h a g o c y t e s ,  and s m a l l  m asses  

o f  s i m i l a r  c e l l s  a r e  fo u n d  l y i n g  i n  t h e  c a p s u le  b e n e a t h  th e  

p e r i t o n e a l  s u r f a c e  o f  t h e  o r g a n .  The l a r g e r  t h e  amount o f  

i r o n  a d m in i s t e r e d  t h e  lo n g e r  t h e s e  c e l l s  p e r s i s t  i n  t h e  p o r t a l  

t r a c t s  and strom a o f  t h e  l i v e r .  A f t e r  a t im e  some o f  t h e  

c e l l s  d i s i n t e g r a t e  and  l i b e r a t e  t h e i r  i r o n  w h ich  i s  p a r t l y  

t a k e n  up b y  new p h a g o c y t i c  c e l l s  b u t  may be p a r t l y  a b so r b e d  

i n t o  t h e  f i b r o u s  s tr o m a ,  g i v i n g  r i s e  t o  l o c a l i s e d  i r o n  i n c r u s 

t a t i o n  o f  t h e  c o n n e c t i v e  t i s s u e  f i b r e s .

The h e p a t i c  parenchyma c e l l s  e x h i b i t  d u r in g  t h e  c o n t in u e d  

a d m i n i s t r a t i o n  o f  s a c c h a r a t e d  o x id e  o f  i r o n  a p r o g r e s s i v e  

i n c r e a s e  i n  t h e i r  i r o n  c o n t e n t ,  and s o o n  a c t i v e  s t o r a g e  i s  

g o in g  on i n  t h e  c e l l s  th r o u g h o u t  t h e  e n t i r e  l o b u l e .  A t f i r s t  

d i f f u s e ,  i r o n  i n  th e  f i n e l y  g r a n u la r  form a p p ea r s  a f t e r  a b o u t  

15 d ays and becom es p r o g r e s s i v e l y  more abu ndan t w i t h i n  th e
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l i v e r  c e l l s .  A f t e r  a b o u t  4 w eek s a  d e f i n i t e  o r i e n t a t i o n  o f  

th e  i r o n  g r a n u le s  w i t h i n  t h e  c y to p la s m  i s  s e e n  and  a c c u m u la t io n  

becom es more p ro n o u n ced  tow ard s  th e  i n n e r  p a r t  arou n d  t h e  b i l e  

c a n a l i c u l i ,  w h ic h  l a t e r  become s t r i k i n g l y  o u t l i n e d  b y  th e  

b r i g h t  b lu e  g r a n u le s  ( f i g .  5 9 ) .  A f t e r  t h e  c e s s a t i o n  o f  

i n j e c t i o n s  o f  i r o n ,  a c c u m u la t io n  o f  i r o n  i n  t h e  h e p a t i c  c e l l s  

c o n t i n u e s  and seem s t o  r e a c h  a  maximum a b o u t  3 - 4  months  

a f t e r  t h e  l a s t  i n j e c t i o n .  I n  one grou p  o f  a n im a ls  k i l l e d  

a t  i n t e r v a l s  from  3 - 6  months a f t e r  t h e  l a s t  o f  a  s e r i e s  o f  

i n j e c t i o n s  an a p p r o x im a t e ly  e q u a l  d e g r e e  o f  i r o n  s t o r a g e  i n  th e  

h e p a t i c  c e l l s  was o b s e r v e d .  The number o f  a n im a ls  s u r v i v i n g  

b eyon d  t h i s  p e r io d  i s  t o o  s m a l l  t o  f u r n i s h  a  g ra d ed  s e r i e s  b u t  

i n  th e  l o n g e s t  e x p e r i m e n t , i . e .  s u r v i v a l  f o r  14 m o n th s ,  a l t h o u g h  

t h i s  a n im a l  r e c e i v e d  o n ly  a  v e r y  s m a l l  d o se  (4 i n j e c t i o n s  o f  

0 - 3  c . c .  o f  1 p er  c e n t ,  i r o n ) ,  t h e  h e p a t i c  parenchyma c e l l s  

s t i l l  e x h i b i t  q u i t e  d e f i n i t e  i n t r a c e l l u l a r  i r o n ,  g e n e r a l l y  i n  

t h e  form  o f  f i n e  g r a n u le s  h ea p ed  up a l o n g  t h e  b i l e  c a n a l i c u l i  

and r e n d e r in g  t h e s e  s t r u c t u r e s  c l e a r l y  v i s i b l e .  I n  t h i s  c a s e  

t h e  i r o n  i s  m ost abundant i n  t h e  h e p a t i c  c e l l s  i n  t h e  c e n t r e  

o f  t h e  l o b u l e s  b u t  i s  a b s e n t  from  th e  b i l e  d u c t  e p i t h e l i u m ,  

and t h e r e  a r e  no pronounced  c o l l e c t i o n s  o f  i r o n  p h a g o c y t e s  In  

t h e  s tro m a  o f  t h e  l i v e r ,  e i t h e r  b e n e a th  t h e  c a p s u le  or  I n  th e  

p o r t a l  t r a c t s ,  o n ly  a few  c e l l s  w i t h  a f a i n t  i r o n  r e a c t i o n  

b e in g  p r e s e n t  In  t h e s e  s i t u a t i o n s .  The s i n u s o i d s  a r e  l i n e d
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b y  new K u p ffe r  c e l l s  f r e e  from  e v e n  t r a c e s  o f  I r o n .  P r e su m a b ly ,  

a s  i s  s e e n  i n  a n im a ls  k i l l e d  a f t e r  a s h o r t e r  d u r a t i o n ,  i r o n  

p h a g o c y t e s  w ere  a t  one t im e  p r e s e n t  i n  t h e  s tro m a  b u t  s u f f i 

c i e n t  t im e  has e l a p s e d  t o  e n a b le  an a lm o s t  c o m p le te  r em o v a l  

o f  t h e  d e p o s i t e d  i r o n  t o  o c c u r .

I n  t h e  l o n g e r  e x p e r im e n t s ,  i . e .  6 - 8  m o n th s ,  th e  

e p i t h e l i a l  c e l l s  o f  t h e  s m a l l e r  b i l e  d u c t s  a l s o  g i v e  a  sh a r p  

P r u s s i a n  b lu e  r e a c t i o n  and i n  some a n im a ls  c o n t a i n  v e r y  

d e f i n i t e l y  g r a n u la r  i r o n  ( f i g . 59 ) .  I n  t h e s e  a n i m a l s ,  t o o ,  

t h e  n u c l e i  o f  t h e  h e p a t i c  c e l l s  a r e  fou n d  t o  c o n t a i n  one or  

more i r o n  r e a c t i n g  b o d ie s  o f  round or o v a l  s h a p e .  When 

m u l t i p l e  t h e y  a r e  o f t e n  o f  u n e q u a l  s i z e  and may be s i t u a t e d  

c l o s e  t o  one a n o t h e r  or l i e  q u i t e  a p a r t  ( f i g .  59 ) .  Morpho

l o g i c a l l y  t h e y  r e s e m b le  p lasm osom es and a r e  s i m i l a r  t o  th e  

b o d ie s  d e s c r i b e d  b y  Lauda and Haan (1 9 2 5 )  i n  h a e r a o ly t ic  

an aem ia  i n  r a t s .

I t  i s  n o t e w o r th y  t h a t  i n  s p i t e  o f  th e  c o n t in u e d  i n v a s i o n  

o f  t h e  p o r t a l  t r a c t s  and c a p s u le  o f  t h e  l i v e r  b y  i r o n - c o n t a i n i n g  

c e l l s ,  many o f  w h ic h  d i s i n t e g r a t e  and l i b e r a t e  t h e i r  i r o n ,  

and d e s p i t e  th e  lo n g  c o n t in u e d  and v e r y  marked d e g r e e  o f  i r o n  

s t o r a g e  b y  t h e  l i v e r  c e l l s ,  n o t h in g  i n  th e  n a tu r e  o f  c i r r h o s i s  

h as b e e n  o b s e r v e d .  In  two a n im a ls  a c o n d i t i o n  o f  ly m p h a t ic  

leu k a e m ia  w i t h  lymphomatous m a sse s  i n  t h e  l i v e r  was fo u n d ,  

b u t t h i s  m u st be  r eg a r d e d  a s  a  p u r e ly  a c c i d e n t a l  f i n d i n g  

u n r e l a t e d  t o  t h e  e x p e r im e n t a l  p r o c e d u r e s .
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SPLEEN.

As o c c u r s  w i t h  o th e r  s u s p e n s o i d s ,  t h e  i n i t i a l  d i s t r i b u t i o n  

o f  i r o n  i n  t h e  s p l e e n  i 3  m ost abundant arou n d  t h e  M a lp ig h ia n  

b o d ie s  and t h e  i n t e r f o l l i c u l a r  p u lp  c o n t a in s  r e l a t i v e l y  few  

i r o n - s t o r i n g  c e l l s .  T h is  phenomenon h a s  a l r e a d y  b e e n  d i s c u s s e d .

A f t e r  a  fe w  d ays a  g r a d u a l  change i n  th e  d i s t r i b u t i o n  o f  

i r o n  i n  t h e  s p l e e n  i s  a p p a r e n t .  In  th e  M a lp ig h ia n  b o d ie s  

i r o n  a c c u m u la t e s  v e r y  s t r i k i n g l y  i n  th e  r e t i c u l a r  c e l l s  p a r 

t i c u l a r l y  i n  t h o s e  o f  t h e  o u t e r  z o n e ,  w h i l e  i n  th e  c e n t r e  o f

t h e  f o l l i c l e s  th e  r e t i c u l a r  c e l l s  a re  s t a i n e d  a  much p a l e r
( f i g . 6 0 )

sh ad e  b y  t h e  p r u s s i a n  b lu e  r e a g e n t s .  At t h e  same t im e  th e  

i r o n - c o n t a i n i n g  c e l l s  i n  th e  p u lp  zone  im m e d ia te ly  arou n d  th e  

M a lp ig h ia n  b o d i e s  ap p ea r  t o  d i m i n i s h  i n  number, and i n  some 

a n im a ls  t h i s  i s  s o  s t r i k i n g  a f e a t u r e  t h a t  i t  a lm o s t  s u g g e s t s  

a d i r e c t  m i g r a t i o n  o f  t h e  i r o n - s t o r i n g  c e l l s  i n t o  th e  M a lp ig h ia n  

b o d i e s .  A g a in s t  t h i s  i s  th e  f a c t  t h a t  t h e  i r o n  p h a g o c y t e s  in  

t h e  o u t e r  zone  o f  th e  lym p hoid  f o l l i c l e s  a r e  o f  s t e l l a t e  shape  

w i t h  lo n g  p r o c e s s e s  w h ic h  ca n  be t r a c e d  f o r  some d i s t a n c e  

b e tw e e n  t h e  ly m p h o c y t e s . T h is  s u g g e s t s  t h a t  t h e y  a r e  n o t  

r e c e n t l y  m ig r a t e d  c e l l s  as  s u c h  c e l l s  w ould  be rou n d ed  i n  

e v id e n c e  o f  t h e i r  r e c e n t  w a n d er in g .  U s u a l l y ,  h o w ev er , i n  

s p i t e  o f  t h i s  t r a n s f e r  o f  i r o n  t h e  p u lp  im m e d ia te ly  around  

t h e  M a lp ig h ia n  b o d ie s  rem ains t h e  r i c h e s t  p a r t  o f  t h e  s p l e e n  

i n  i r o n - c o n t a i n i n g  c e l l s  f o r  many weeks a f t e r  a  s i n g l e



194

i n j e c t i o n .  Owing t o  t h e  w id e  v a r i a t i o n  i n  t h e  s i z e  o f  th e  

s p l e e n  i n  a p p a r e n t l y  h e a l t h y  m i c e ,  i t  i s  d i f f i c u l t  t o  make 

a c o m p a r iso n  on p u r e l y  h i s t o l o g i c a l  ground s b e tw e e n  t h e  t o t a l  

amount o f  i r o n  i n  t h e  s p l e e n  a t  d i f f e r e n t  i n t e r v a l s ,  b u t  th e  

g e n e r a l  i m p r e s s io n  from  t h e  e x p e r im e n ts  i s  t h a t  a f t e r  th e  

f i r s t  few  d a y s  t h e r e  i s  no f u r t h e r  i n c r e a s e  i n  t h e  t o t a l  i r o n  

c o n t e n t  o f  t h e  s p l e e n ,  and t h a t  b y  t h e  en d  o f  12 -  16 days  

t h e  amount o f  i r o n  p r e s e n t  a f t e r  a s i n g l e  i n j e c t i o n  has  

d i m i n i s h e d .  The e n d o t h e l i a l  c e l l s  o f  t h e  v en o u s  s i n u s o i d s  

r em a in  r e m a r k a b ly  i n d i f f e r e n t  t o  th e  p r o f f e r e d  i r o n  and no 

d e f i n i t e  i r o n  s t o r a g e  b y  t h e s e  e le m e n ts  has b e e n  o b s e r v e d  

s o o n  a f t e r  a s i n g l e  i n j e c t i o n .  I t  d o e s  n o t  seem  t h a t  t h i s  

ca n  be e x p l a i n e d  on an  a n a t o m ic a l  b a s i s ,  s i n c e  th e  b lo o d  m ust  

p a s s  th r o u g h  t h e  s i n u s o i d s  e i t h e r  d i r e c t l y  from  th e  e l l i p s o i d s  

or  a f t e r  p a s s i n g  th r o u g h  th e  p u lp .  I f  i t  w ere  m e r e ly  due  

t o  t h e  r a p id  rem o v a l  o f  th e  i r o n  b y  th e  p u lp  c e l l s ,  one w ould  

e x p e c t  t o  f i n d  i r o n  s t o r a g e  i n  th e  e n d o t h e l i a l  c e l l s  o f  th e  

s i n u s o i d s  i n  t h o s e  a n im a ls  i n  w h ich  t h e  i n t e r f o l l i c u l a r  p u lp  

r em a in s  c o m p a r a t iv e ly  f r e e  from  i r o n  ow ing t o  s h o r t  c i r c u i t i n g  

o f  t h e  b lo o d  d i r e c t l y  i n t o  th e  s i n u s o i d s  w i t h o u t  p a s s i n g  

th ro u g h  t h e  p u lp .  In  s u c h  a n im a l s ,  h o w ev er , t h e r e  i s  no  

e v id e n c e  o f  i n c r e a s e d  i r o n  s t o r a g e  i n  th e  s in u s  e n d o t h e l iu m .

The s o l u b l e  s a c c h a r a t e d  o x id e  i s  d e p o s i t e d  i n  th e  s p l e e n  

i n  t h e  same w ay , b u t  th e  a c c e n t u a t i o n  a t  t h e  p e r ip h e r y  o f  th e
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M a lp ig h ia n  b o d ie s  i s  l e s s  p r o n o u n ced . W ith  i r o n  ammonium 

c i t r a t e  t h i s  f e a t u r e  i s  q u i t e  a b s e n t  and th e  i r o n  i s  s c a t t e r e d  

i n  c e l l s  th r o u g h o u t  t h e  p u lp  l i k e  s o l u b l e  v i t a l  s t a i n s ,  

e . g .  t r y p a n  b l u e .

When a  s e r i e s  o f  i n j e c t i o n s  o f  s a c c h a r a t e d  o x id e  o f  i r o n  

a r e  g i v e n  t h e  same c y c l e  o f  ch an ges  i s  a g a in  o b serv ed , a f t e r  

e a c h  i n j e c t i o n ,  and i r o n  a c c u m u la te s  p r o g r e s s i v e l y  i n  t h e  

s p l e e n .  The i r o n  i s  l a i d  down f i r s t  i n  t h e  zo n e  arou n d  th e  

M a lp ig h ia n  b o d ie s  and i n  th e  p u lp  a s  d e s c r i b e d  p r e v i o u s l y ;  

l a t e r ,  more i r o n  a c c u m u la te s  i n  th e  r e t i c u l a r  c e l l s  o f  th e  

M a lp ig h ia n  b o d ie s  w h ic h  come t o  g i v e  a  v e r y  i n t e n s e  i r o n  

r e a c t i o n .  These c e l l s  seem  t o  be  more numerous i n  t h e  o u t e r  

p a r t  o f  t h e  f o l l i c l e s  b u t  a s  t im e  g o e s  on th e  r e t i c u l a r  c e l l s  

th r o u g h o u t  t h e  M a lp ig h ia n  b o d ie s  n e a r l y  a l l  g i v e  an  e q u a l l y  

i n t e n s e  c o a r s e l y  g r a n u la r  i r o n  r e a c t i o n .  In  t h e  l o n g e s t  

e x p e r im e n t  (1 4  m on th s)  t h e  M a lp ig h ia n  b o d ie s  a c t u a l l y  a p p ea r  

t o  c o n t a i n  more i r o n  th a n  t h e  p u lp  i n  r e l a t i o n  t o  t h e i r  s i z e ,  

and t h e  number o f  s t e l l a t e  c e l l s  a p p ea r s  t o  be much g r e a t e r  

th a n  i n  e a r l i e r  e x p e r im e n t s .  In  some o f  t h e  lym phoid

f o l l i c l e s  t h e  i r o n - c o n t a i n i n g  c e l l s  a r e  more numerous tow ards
( f i g . 6 1 )

t h e  c e n t r e ,  and a r e  c l u s t e r e d  around th e  c e n t r a l  a r t e r i o l e ,  

an a p p ea r a n c e  a g a in  s u g g e s t i v e  o f  a p r o g r e s s i v e  i n v a s i o n  o f  

th e  M a lp ig h ia n  b o d i e s .  I t  a p p ea rs  l i k e l y  t h a t  t h e s e  c e l l s  

a re  m i g r a t in g  tow ard t h e  t e r m in a l  ly m p h a t ic s  i n  t h e  s trom a
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arou n d  t h e  c e n t r a l  a r t e r i o l e .  In  t h e  p u lp  t h e  amount o f  I r o n  

p r e s e n t  i n c r e a s e s  w i t h  e a c h  i n j e c t i o n ;  th e  r e t i c u l a r  c e l l s  

become e n o r m o u s ly  e n g o r g e d  and t h e  p u lp  s p a c e s  c o n t a i n  many 

m o n o n u c le a r  p h a g o c y t e s  s t u f f e d  w i t h  c o n c e n t r a t e d  i r o n .  T hese  

c e l l s  t e n d  t o  c o l l e c t  i n t o  s m a l l  g rou p s i n  t h e  p u lp  or  a lo n g  

t h e  t r a b e c u l a e ,  and t h e y  may d i s i n t e g r a t e  t h e r e  and l i b e r a t e  

m a s se s  o f  c o n c e n t r a t e d  i r o n ;  t h i s  may be p a r t l y  t a k e n  up  

b y  new c e l l s  b u t  i t  may a l s o  l e a d  t o  i r o n  e n c r u s t a t i o n  o f  t h e  

c o n n e c t i v e  t i s s u e  f i b r e s  o f  th e  t r a b e c u l a e .

W hile  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 en o u s  s i n u s o i d s  

f a i l e d  t o  s t o r e  i r o n  i n  t h e  s h o r t  e x p e r i m e n t s ,  i r o n  a p p ea r s  

i n  f i n e l y  g r a n u la r  form  i n  t h e s e  c e l l s  a b o u t  f o u r  months  

a f t e r  a  s e r i e s  o f  i n j e c t i o n s  and p e r s i s t s  i n  c o n s i d e r a b l e  

amount i n  m o st  o f  t h e  a n im a ls  s u r v i v i n g  4 - 8  m o n th s . In  

a n im a ls  s u r v i v i n g  b eyon d  t h i s  p e r i o d ,  i r o n  s t o r a g e  i n  th e  

s in u 3  e n d o t h e l iu m  a p p e a r s  t o  d i m i n i s h ,  and a f t e r  14  months 

(on e  a n im a l )  i s  a lm o s t  a b s e n t .  The number o f  a n im a ls  i s  t o o  

s m a l l  t o  p erm it  o f  a d e f i n i t e  s t a t e m e n t ,  b u t  i t  i s  n o te w o r th y  

i n  t h i s  c o n n e c t i o n  t h a t  i n  c o n d i t i o n s  i n  man i n  w h ic h  i r o n  

s t o r a g e  b y  t h e  s i n u s  e n d o t h e l iu m  i s  known t o  o c c u r ,  e . g .  

a c h o l u r i c  j a u n d i c e ,  t h e  amount o f  i r o n  i s  s u b j e c t  t o  w id e  

f l u c t u a t i o n s  i n  r e l a t i o n  t o  t h e  a t t a c k s  o f  b lo o d  d e s t r u c t i o n .
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BONE MARROW.

In  t h e  e a r l y  s t a g e s  I r o n  i s  d e p o s i t e d  t o  a s m a l l  e x t e n t

i n  t h e  e n d o t h e l i a l  c e l l s  o f  t h e  s i n u s o i d a l  c a p i l l a r i e s ,  and

i n  th e  s t e l l a t e  r e t i c u l u m  c e l l s  o f  t h e  m arrow, b u t  t h e  amount

i s  r e l a t i v e l y  s m a l l ,  and i s  much l e s s  s t r i k i n g  t h a n  i n  th e

l i v e r  and s p l e e n .  As p r e v i o u s l y  d e s c r i b e d ,  t h e  bone marrow

o f  t h e  mouse i s  much l e s s  a c t i v e  i n  s t o r i n g  s o l u b l e  d y e s  and

s u s p e n s o i d  p r e p a r a t io n s  th a n  t h a t  o f  t h e  r a b b i t  or  g u i n e a - p i g .

A f t e r  a  few  d a y s  th e  amount o f  i r o n  i n  t h e  e n d o t h e l i a l  c e l l s
t h a t

d i m i n i s h e s ,  w h i l e / i n  t h e  r e t i c u l u m  c e l l s  i n c r e a s e s  and a few  

rou n d ed  i r o n - c o n t a i n i n g  p h a g o c y te s  a r e  fo u n d  a l o n g  th e  

c a p i l l a r i e s .  T h ese  a r e  p r o b a b ly  d e r i v e d  from  t h e  e n d o t h e l iu m  

o f  t h e  s i n u s o i d a l  c a p i l l a r i e s ,  w h ic h  have m ig r a t e d  i n  r e s p o n s e  

t o  t h e  s t im u lu s  o f  p h a g o c y t o s i s ,  b u t  some may be d e r i v e d  from  

r e t i c u l u m  c e l l s  w h ic h  have become rounded  u n d er  t h e  same 

s t i m u l u s .  In  t h e  l a t e r  s t a g e s  o f  e x p e r im e n ts  l i m i t e d  t o  a 

s i n g l e  in t r a v e n o u s  i n j e c t i o n ,  o n l y  t r a c e s  o f  i r o n  a r e  fo u n d  

i n  t h e  e n d o t h e l i a l  c e l l s  a f t e r  one or two w e e k s ,  b u t  th e  

r e t i c u l u m  c e l l s  a re  fou n d  t o  r e t a i n  th e  i r o n  f o r  a  much lo n g e r  

t i m e .

When r e p e a t e d  i n j e c t i o n s  o f  i r o n  a r e  g iv e n  t h e  p i c t u r e  

i n  th e  marrow i s  somewhat i n t e n s i f i e d ,  b u t  th e  s t o r a g e  o f  

i r o n  i s  r a r e l y  v e r y  m arked, and i s  a lw a y s  much l e s s  s t r i k i n g  

th a n  i n  o t h e r  p a r t s  o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s t e m .  In
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some a n im a ls  I  have o b s e r v e d  a d e f i n i t e  h y p e r p l a s i a  o f  th e  

m e g a c a r y o c y te s  o f  t h e  marrow, b u t  w h e th e r  t h i s  i s  i n  a n y  way 

r e l a t e d  t o  t h e  e x p e r im e n t a l  p r o c e d u r e s  i s  n o t  known, a s  i t  

has n o t  b e e n  c o n s t a n t .  A s i m i l a r  c o n d i t i o n  has o c c a s i o n a l l y  

b e e n  fo u n d  a f t e r  a d m i n i s t r a t i o n  o f  I n d ia  i n k .  The immature  

l e u c o c y t e s  o f  th e  marrow e x h i b i t  no t r a c e  o f  i r o n  a t  an y  

s t a g e .

W ith  s o l u b l e  o x id e  or  ammonium c i t r a t e  o f  i r o n  e v e n  l e s s  

i r o n  s t o r a g e  i n  t h e  marrow i s  fo u n d .  P o i s o n  (1 9 2 9 )  o b s e r v e d  

t h a t  t h e  d e p o s i t i o n  o f  i r o n  i n  t h e  marrow was p r a c t i c a l l y  

n e g l i g i b l e  a f t e r  f e e d i n g  or  su b c u ta n e o u s  a d m i n i s t r a t i o n ,  and 

i t  w o u ld  ap p ea r  t h e r e f o r e  t h a t  th e  bone marrow i s  n o t  g r e a t l y  

c o n c e r n e d  w i t h  t h e  s t o r a g e  o f  i r o n  a p a r t  from  c o n d i t i o n s  o f  

i n c r e a s e d  b lo o d  d e s t r u c t i o n .
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LYMPHATIC GIANDS.

I n  some a n im a ls  a f t e r  a b o u t  24 h o u r s ,  i n  o t h e r s  n o t  

u n t i l  a b o u t  72  h o u r s ,  th e  ly m p h a t ic  s i n u s  e n d o t h e l iu m ,  th e  

f r e e  m acrop h ages  i n  t h e  lymph pathw ays and t h e  r e t i c u l a r  c e l l s  

o f  th e  c o r t i c a l  n od es  b e g i n  t o  e x h i b i t  a f a i n t  i r o n  r e a c t i o n  

w h ic h  a t  f i r s t  i s  r a t h e r  d i f f u s e  b u t  l a t e r  becom es g r a n u l a r .

T h is  r e a c t i o n ,  w h ic h  becom es p r o g r e s s i v e l y  more i n t e n s e  w i t h  

p a s s a g e  o f  t im e ,  f o l l o w s  t h e  a p p ea r a n c e  o f  ’ s o l u b l e 1 i r o n  i n  

t h e  b lo o d  p lasm a and t i s s u e  lym ph. W ith in  72  h o u rs  a f t e r  a 

s i n g l e  i n j e c t i o n  o f  s a c c h a r a t e d  o x id e  o f  i r o n  t h e  w h ole  

r e t i c u l o - e n d o t h e l i a l  s y s t e m  o f  th e  g la n d  c o n t a i n s  i r o n  i n  a 

d i f f u s e  form  and th e  lymph i n  t h e  v e s s e l s  and pathw ays o f  t h e  

g la n d  g i v e s  a f a i n t  d i f f u s e  p r u s s i a n  b lu e  r e a c t i o n .  A f t e r  

2 - 3  w eeks th e  lymph i n  th e  p e r i p h e r a l  s im u s e s  o f  t h e  g la n d s  

g i v e s  a much more i n t e n s e  r e a c t i o n  w i t h  th e  p r u s s i a n  b lu e  

r e a g e n t s ,  a n d  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  c o n t a i n  i r o n  i n  

f i n e l y  g r a n u la r  form  ( f i g . 62 ) •  I t  seem s r e a s o n a b le  t o  

s u p p o se  t h a t  t h e  a b s e n c e  o f  i r o n  i n  t h e  r e t i c u l o - e n d o t h e l i a l  

c e l l s  i n  t h e  e a r l y  s t a g e s  o f  t h e  e x p e r im e n t  i s  due t o  th e  

im p e r m e a b i l i t y  o f  th e  g e n e r a l  b l o o d - v a s c u l a r  c a p i l l a r y  

e n d o t h e l iu m  t o  th e  c o l l o i d a l  i r o n ,  s i n c e ,  as  has b e e n  p o in t e d  

o u t p r e v i o u s l y  ( 1 9 2 9 ) ,  s u b s t a n c e s  p a s s i n g  th r o u g h  t h e  b lo o d  

c a p i l l a r i e s  o f  ly m p h a t ic  g la n d s  a r e  n o t  a v a i l a b l e  t o  th e  

r e t i c u l a r  c e l l s  o f  th e  c o r t i c a l  nodes or  t o  th e  s i n u s  e n d o th e l iu m
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I n  a n im a ls  r e c e i v i n g  r e p e a t e d  i n j e c t i o n s  o f  i r o n  t h e  ch a n g e s  

i n  t h e  ly m p h a t ic  g la n d s  a r e  i n t e n s i f i e d  and  a p r o g r e s s i v e  

a c c u m u la t io n  o f  i r o n  i n  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  o f  th e  

g la n d  g o e s  on f o r  m onths a f t e r  th e  c e s s a t i o n  o f  i r o n  a d m in i s 

t r a t i o n .

W ith  i r o n  ammonium c i t r a t e  th e  ly m p h a t ic  g la n d s  a r e  

s o o n e r  a f f e c t e d  th a n  a f t e r  t h e  s a c c h a r a t e d  o x i d e ,  probably-  

ow ing  t o  a more r a p id  p a s s a g e  o f  i r o n  i n t o  t h e  t i s s u e  lymph.

The d e p o s i t i o n  i s ,  h o v /ev er ,  s i m i l a r ,  and i t  w ou ld  th u s  ap p ear  

t h a t  w i t h  t h e  s im p le r  i r o n  compounds t h e  form  i n  w h ic h  i r o n  

i s  a d m in i s t e r e d  d o es  n o t  p l a y  an  im p o r ta n t  p a r t  i n  d e t e r m in in g  

th e  f i n a l  s i t e s  o f  d e p o s i t i o n .  I t  i s  t h e r e f o r e  d i f f i c u l t  t o  

u n d e r s ta n d  why P o i s o n  (1 9 2 9 )  s h o u ld  have f a i l e d  t o  f i n d  i r o n  

i n  ly m p h a t ic  g la n d s  o t h e r  th a n  t h o s e  d i r e c t l y  c o n c e r n e d  w i t h  

a b s o r p t i o n  from  lu n g s  t h e  s e a t  o f  i r o n  e m b o l i  ( t r a c h e o - b r o n c h i a l  

g r o u p )  and from  t h e  i n t e s t i n e  ( m e s e n t e r i c  and c o e l i a c  g r o u p s ) .

The h i s t i o c y t e s  i n  t h e  c a p s u l e  o f  t h e  g la n d  and i n  th e  

s u r r o u n d in g  c o n n e c t i v e  t i s s u e  a l s o  come t o  e x h i b i t  a  w e l l -  

marked i r o n  r e a c t i o n .  The i r o n  c o n t e n t  o f  t h e  ly m p h a t ic  

g la n d s  a p p ea r s  t o  r e a c h  a  maximum a b o u t  6 months a f t e r  t h e  

l a s t  o f  th e  s e r i e s  o f  I n j e c t i o n s ;  t h e r e a f t e r  i t  s l o w l y  

d i m i n i s h e s ,  b u t  a c o n s i d e r a b l e  amount i s  s t i l l  p r e s e n t  e v en  

a f t e r  14 m o n th s . The p r e s e n c e  o f  much i r o n  i n  t h e  r e t i c u l o 

e n d o t h e l i a l  c e l l s  o f  th e  ly m p h a t ic  g la n d  d o e s  n o t  a p p ea r  t o
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l e a d  t o  a n y  11 1  e f f e c t s  and no f i b r o s i s  has  f o l l o w e d  t h e  

e x p e r i m e n t a l  p r o c e d u r e s .  The lym ph g la n d s  w ou ld  th u s  ap p ea r  

t o  be  one o f  t h e  more perm anent s t o r a g e  d e p o t s  f o r  e x c e s s  

I r o n ,  and from  them i r o n  i s  l i b e r a t e d  s l o w l y  t o  m a i n t a i n  t h e  

s t a t e  o f  e q u i l i b r i u m  w i t h  th e  b lo o d  and t i s s u e  f l u i d s  as  

e x c r e t i o n  s l o w l y  p r o c e e d s .
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OMENTUM, MESENTERY AND CONNECTIVE TISSUES♦

The g e n e r a l  s t r u c t u r e  o f  t h e  m e s e n t e r y  and omentum and  

t h e  d i s t r i b u t i o n  o f  h i s t i o c y t e s  i n  t h e s e  s i t u a t i o n s  have  

p r e v i o u s l y  b e e n  d e s c r i b e d .  The r e l a t i v e  p e r m e a b i l i t y  o f  

t h e i r  c a p i l l a r y  w a l l s  t o  f i n e l y  d i v i d e d  p a r t i c u l a t e  m a t t e r  i n  

g e n e r a l  has  a l s o  b e e n  e m p h a s is e d ;  a c c o r d i n g l y ,  s a c c h a r a t e d  

o x id e  o f  i r o n  f i n d s  i t s  way i n t o  th e  p e r i v a s c u l a r  h i s t i o c y t e s  

w i t h i n  a few  h o u rs  o f  in t r a v e n o u s  a d m i n i s t r a t i o n .  The 

h i s t i o c y t e s  i n  t h e  i n t e r s t i c e s  b e tw e e n  th e  f a t  c e l l s  arou n d  

t h e  o m e n ta l  and m e s e n t e r i c  v e s s e l s  t h u s  s t o r e  th e  i r o n  i n  a 

form  s i m i l a r  t o  t h e  i n t r a v a s c u l a r  h i s t i o c y t e s ,  e . g .  th e  

K u p ffe r  c e l l s .  A f t e r  72  h o u r s ,  a s  t h e  s o l u b l e  or  d i f f u s i b l e  

i r o n  a p p e a r s  i n  th e  p la sm a , i r o n  s t o r a g e  b e g in s  t o  a p p ea r  i n  

th e  h i s t i o c y t e s  l y i n g  f a r t h e r  from  th e  v e s s e l s ;  t e n  t o  f o u r 

t e e n  d a y s  l a t e r  t h e s e  c e l l s  g i v e  a  v e r y  d i s t i n c t  d i f f u s e  i r o n  

r e a c t i o n ,  and b y  t h e  t h i r t i e t h  d a y  a f t e r  i n j e c t i o n  i r o n  i n  

g r a n u la r  form  i s  s e e n  e v e n  i n  a p p a r e n t ly  q u i e s c e n t  c e l l s  

l y i n g  i n  a v a s c u l a r  p o r t io n s  o f  t h e  om en ta l  and m e s e n t e r i c  

t i s s u e s  and i n  th e  t a c h e s  l a i t e u s e s .  No i r o n  s t o r a g e  has  

b e e n  o b s e r v e d  i n  t h e  m e s o t h e l i a l  c e l l s  o f  th e  p e r ito n e u m  and  

o t h e r  s e r o u s  c a v i t i e s .

R e p e a te d  i n j e c t i o n s  l e a d  t o  a g r e a t  i n t e n s i f i c a t i o n  o f  

th e  ab ove  p i c t u r e ,  bu t t h e  e s s e n t i a l  f e a t u r e s  a r e  t h e  sam e.

I t  i s  i n t e r e s t i n g  t o  o b se r v e  t h a t  t h e  d i f f u s e  i r o n  r e a c t i o n
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a p p e a r s  i n  t h e  h i s t i o c y t e s  o f  th e  o m e n ta l  and m e s e n t e r i c  

t i s s u e s  c o n s i d e r a b l y  e a r l i e r  th a n  i n  t h o s e  o f  th e  su b c u ta n e o u s  

t i s s u e .  A s i m i l a r  c o n d i t i o n  i s  fo u n d  i n  t h e  h i s t i o c y t e s  o f  

t h e  a d i p o s e  t i s s u e  around th e  k i d n e y s ,  p a n c r e a s  and  o t h e r  

a b d o m in a l v i s c e r a .  I t  a p p ea rs  c l e a r l y  t h a t  t h e  c a p i l l a r i e s  

i n  t h e s e  s i t u a t i o n s  a r e  more p erm eab le  t o  i r o n  and  t o  v i t a l  

s t a i n s  th a n  t h o s e  o f  t h e  in t e r m u s c u la r  and s u b c u ta n e o u s  

t i s s u e s .  I n  th e  l a t t e r  s i t u a t i o n  t h e  c o n d i t i o n  o f  t h e  

h i s t i o c y t e s  has b e e n  i n v e s t i g a t e d  b o t h  i n  s p r e a d  p r e p a r a t io n s  

and  i n  p a r a f f i n  s e c t i o n s : i r o n  i n  t h e  d i f f u s e  form  a p p ea r s

i n  t h o s e  c e l l s  a f t e r  a b o u t  t h i r t y  d ays and  a f t e r  lo n g e r  

i n t e r v a l s ,  e . g .  f o u r  m o n th s ,  i s  fo u n d  i n  g r a n u la r  fo r m , b u t  

t h e  i n t e n s i t y  o f  t h e  s t a i n i n g  i s  l e s s  th a n  t h a t  i n  th e  

a b d o m in a l h i s t i o c y t e s  e x c e p t  w here t h e y  a r e  i n  r e l a t i o n  t o  

i r o n - s t o r i n g  parenchyma c e l l s ,  e . g .  b r e a s t s .  As was o b s e r v e d  

i n  c o n n e c t i o n  w i t h  v i t a l  s t a i n i n g  b y  s o l u b l e  d y e s ,  th e  

h i s t i o c y t e s  i n  th e  s tro m a  o f  o t h e r  o r g a n s ,  e . g .  s a l i v a r y  

g l a n d s ,  t h y r o i d  e t c . ,  g i v e  r i s e  t o  a  c e r t a i n  d e g r e e  o f  c o l o r a 

t i o n  on t r e a t i n g  t h e  t i s s u e s  w i t h  t h e  p r u s s i a n  b l u e  r e a g e n t s ,  

b u t  no s t o r a g e  o f  i r o n  i n  t h e  parenchyma c e l l s  o f  t h e s e  o rgan s  

has b e e n  o b s e r v e d .
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MAMMARY GLANDS.

I n  fe m a le  m ic e  th e  e f f e c t  o f  i r o n  a d m i n i s t r a t i o n  has  

b e e n  i n v e s t i g a t e d  o n ly  i n  a d u l t s  w h ic h  had p r e v i o u s l y  l i t t e r e d :  

no c o n t r o l  e x p e r im e n ts  w ere p er form ed  on v i r g i n  m ice  n o r  has  

t h e  e f f e c t  o f  f u r t h e r  p re g n a n c y  and l a c t a t i o n  b e e n  t e s t e d .

The c e l l s  o f  t h e  mammary g la n d  ap p ear  t o  p o s s e s s  a v e r y  

s t r o n g  a f f i n i t y  f o r  i r o n ,  and b e g i n  t o  e x h i b i t  i r o n  s t o r a g e  

w i t h i n  a fe w  d a y s .  A f t e r  s i x t e e n  t o  tw e n ty  dayB t h e  c e l l s  o f  

t h e  g la n d  a c i n i  a r e  f i l l e d  w i t h  c o a r s e l y  g r a n u la r  i r o n  t o  a 

d e g r e e  u n e q u a l l e d  i n  an y  o f  t h e  o t h e r  organs  w h ich  do n o t  

r e c e i v e  th e  i r o n  d i r e c t l y ,  i . e .  th e  mammary a c i n a r  c e l l s  g iv e  

a much more i n t e n s e  i r o n  r e a c t i o n  th a n  do t h e  h e p a t i c  c e l l s  

or r e n a l  c e l l s  a t  th e  same t im e .  The c e l l s  o f  t h e  a c i n i  

a r e  much more a c t i v e  i n  s t o r i n g  i r o n  th a n  t h o s e  o f  th e  d u c t s  

b u t th e  l a t t e r  a l s o  e x h i b i t  d e f i n i t e  i r o n  a c c u m u la t io n  ( f i g . 6 4 ) .  

I r o n  s t o r a g e  i n  t h e  b r e a s t  e p i t h e l i u m  i s  v e r y  p e r s i s t e n t  and  

i s  m a in t a in e d  w i t h  g r e a t - i n t e n s i t y  u p  t o  a t  l e a s t  e i g h t  months  

a f t e r  th e  l a s t  i n j e c t i o n .
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STOMACH.

I r o n  d e p o s i t i o n  I n  th e  s to m a ch  i s  a t  a l l  t im e s  s c a n t y  

and i s  p r a c t i c a l l y  c o n f in e d  t o  i r o n  s t o r a g e  i n  th e  h i s t i o 

c y t e s  o f  t h e  s tr o m a .  T h ese  c e l l s  o c c u r  s i n g l y  and I n  l i t t l e  

g rou p s s c a t t e r e d  th r o u g h o u t  th e  v a r io u s  l a y e r s ,  a n d  are more 

numerous i n  th e  g la n d u la r  th a n  i n  th e  squamous p o r t i o n  o f  

t h e  s to m a c h .  They t e n d  s p e c i a l l y  t o  o c cu r  In  s m a l l  f o c i  

In  t h e  su h m u cosa , and a r e  r a t h e r  s c a n t y  i n  t h e  s tro m a  o f  

t h e  m ucosa i t s e l f .  About f o u r  v;eeks a f t e r  a d m i n i s t r a t i o n  

o f  i r o n ,  a  f a i n t  d i f f u s e  b l u i n g  i s  v i s i b l e  a l o n g  t h e  f r e e  

b o r d e r s  o f  t h e  e p i t h e l i a l  c e l l s  and g la n d s  In  t h e  g a s t r i c  

m u co sa ,  b u t  no g r a n u la r  i n t r a c e l l u l a r  i r o n  has b e e n  fo u n d  

a t  an y  t i m e .  T h is  a p p ea r a n c e  i s  s i m i l a r  t o  t h a t  o b s e r v e d  

a l o n g  th e  v i l l i  o f  th e  duodenum b e f o r e  g r a n u la r  i r o n  a p p ea r s  

i n  th e  c o v e r in g  c e l l s ,  b u t  s i n c e  i t  i s  n o t  s u c c e e d e d  b y  a 

s t a g e  o f  g r a n u la r  i n t r a c e l l u l a r  i r o n  i t  c a n n o t  w i t h  c e r t a i n t y  

be a s c r i b e d  t o  I r o n  a b s o r p t i o n .  I t  i s  p o s s i b l e  t h a t  th e  

d i f f u s e  r e a c t i o n  i n  th e  g a s t r i c  m ucosa may be e v id e n c e  o f  

I r o n  e x c r e t i o n ,  b u t  no d e f i n i t e  s t a t e m e n t  ca n  a s  y e t  be  made.  

No f u r t h e r  e v id e n c e  o f  i r o n  s t o r a g e  i n  t h e  s to m a ch  i s  fou n d  

i n  th e  l a t e r  s t a g e s ,  th o u g h  t h e  amount o f  i r o n  i n  th e  i n t e r 

s t i t i a l  h i s t i o c y t e s  i s  c o n s i d e r a b l y  i n c r e a s e d .



206

INTESTINE.

The i n t e s t i n a l  t r a c t  i s  a t  f i r s t  p r a c t i c a l l y  f r e e  from  

i r o n  a f t e r  in t r a v e n o u s  a d m i n i s t r a t i o n  b u t  a b o u t  14  d ays l a t e r  

i r o n  a p p ea r s  w i t h i n  t h e  s t e l l a t e  r e t i c u l u m  c e l l s  o f  t h e  

i n t e s t i n a l  lymph f o l l i c l e s  and i n t e r s t i t i a l  h i s t i o c y t e s  

th r o u g h o u t  th e  b o w e l  w a l l .  The l a r g e  b o w e l ,  p a r t i c u l a r l y  

t h e  r e g i o n  o f  t h e  caecum and f i r s t  p a r t  o f  t h e  c o l o n ,  c o n t a i n s  

a t  t h i s  t im e  d i s t i n c t l y  more numerous i r o n - s t o r i n g  h i s t i o c y t e s  

th a n  t h e  s m a l l  i n t e s t i n e ,  b o t h  i n  t h e  i n t e r s t i t i a l  t i s s u e  o f  

t h e  m ucosa among t h e  g la n d s  and i n  t h e  su b m u cosa . S i m i l a r  

c e l l s  a r e  p r e s e n t  b u t  l e s s  abundant i n  th e  i n t e r - m u s c u l a r  and  

s u b s e r o u s  l a y e r s .  A t t h i s  s t a g e  no i r o n  i n  g r a n u la r  form  

i s  fo u n d  w i t h i n  t h e  e p i t h e l i a l  c e l l s  a t  a n y  l e v e l  i n  th e  

b o w e l .  B etw een  t h e  2 0 t h  and 2 5 t h  d a y s  from t h e  f i r s t  i n j e c 

t i o n ,  a f a i n t  i r o n  r e a c t i o n  i s  s e e n  a lo n g  t h e  f r e e  b o r d e r s  o f  

t h e  e p i t h e l i a l  c e l l s  o f  t h e  v i l l i  i n  th e  duodenum and up per  

p a r t  o f  t h e  je ju n u m , and t h e  m a t e r i a l  i n  t h e  lum en o f  th e  

g la n d s  i n  t h e s e  s i t u a t i o n s  may a l s o  g i v e  a  f a i n t  p r u s s i a n  

b lu e  r e a c t i o n .  In  th e  s t e l l a t e  r e t i c u l u m  c e l l s  o f  th e  

i n t e s t i n a l  lymph nod es and th e  h i s t i o c y t e s  o f  t h e  i n t e r s t i t i a l  

t i s s u e  i r o n  i s  more abundant th a n  a t  e a r l i e r  s t a g e s  and  i s  

a ssu m in g  a  g r a n u la r  form , bu t t h e r e  i s  s t i l l  no d e f i n i t e  

i n t r a c e l l u l a r  i r o n  i n  th e  i n t e s t i n a l  e p i t h e l i u m  a t  an y  l e v e l .  

By t h e  3 0 t h  d a y  th e  e p i t h e l i a l  c e l l s  a lo n g  t h e  f r e e  m arg in s
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and t i p s  o f  t h e  v i l l i  i n  th e  duodenum and u p p er  jejunum  

c o n t a i n  numerous f i n e  g r a n u le s  o f  i r o n ,  w h i l e  t h e  c e l l s  a t  

th e  b a s e s  and i n  th e  g la n d s  a r e  much l e s s  r i c h l y  s u p p l i e d ( f i g . 6 5 ) ]  

The i r o n  g r a n u le s  a r e  s i t u a t e d  i n  t h e  f r e e  m a rg in  o f  t h e  

c e l l s  b e tw e e n  t h e  n u c l e i  and th e  lum en o f  t h e  b o w e l ;  th e  

lymph i n  th e  t e r m i n a l  l a c t e a l s  o f  t h e  v i l l i  g i v e s  a d i s t i n c t  

P r u s s i a n  b lu e  r e a c t i o n ,  and t h e  h i s t i o c y t e s  around t h e s e  

l a c t e a l s  a l s o  g i v e  a  s t r o n g  i r o n  r e a c t i o n .  I r o n  s t o r a g e  

commences i n  t h e  f i r s t  p a r t  o f  t h e  duodenum im m e d ia te ly  beyond  

t h e  p y l o r i c  r i n g ,  and i s  r i c h e s t  i n  t h e  duodenum and f i r s t  

p a r t  o f  t h e  je ju num ; i t  g r a d u a l l y  d im in i s h e s  i n  i n t e n s i t y  

to w a rd s  t h e  i l e u m ,  i n  th e  lo w e r  p a r t  o f  w h ich  i t  i s  c o m p l e t e l y  

a b s e n t .  In  t h e  caecum and lo w e r  l e v e l s  o f  t h e  l a r g e  i n t e s 

t i n e  I  have n o t  fou n d  a n y  c o r r e s p o n d in g  d e g r e e  o f  i n t r a -  

e p i t h e l i a l  i r o n  s t o r a g e ,  th o u g h  t h i s  i s  s a i d  t o  be  t h e  c h i e f  

s i t e  o f  i r o n  e x c r e t i o n  (Hochhaus and Q u in ck e , 1 8 9 6 ) .  As 

r e g a r d s  t h e  o r i g i n  o f  th e  i r o n  in  th e  lum en o f  t h e  s m a l l  

i n t e s t i n e ,  n o t h in g  d e f i n i t e  can  a s  y e t  be  s a i d  b u t  t h e  a p p e a r 

a n c e s  i n  th e  up per  l e v e l s  o f  t h e  s m a l l  b o w el seem more 

s u g g e s t i v e  o f  i r o n  r e a b s o r p t i o n  th a n  o f  i r o n  e x c r e t i o n  and  

c o r r e sp o n d  t o  th e  f i n d i n g s  o f  Hochhaus and Q u in c k e ,  and  

C l o e t t a  ( 1 9 0 0 ) .  I f  th e  i r o n  i s  i n  c o u r s e  o f  r e a b s o r p t i o n  

i t  may h ave  g a in e d  e n tr a n c e  t o  th e  lum en o f  th e  duodenum 

e i t h e r  b y  i n g e s t i o n  i n  th e  fo o d  or b y  e x c r e t i o n  from  a  h ig h e r  

l e v e l .  As has  b een  d e s c r i b e d ,  th e  e v id e n c e  i n  f a v o u r  o f  i r o n
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e x c r e t i o n  i n  t h e  s to m a c h  i s  n o t  c o n c l u s i v e .  I t  i s  a l s o  

p o s s i b l e  t h a t  i r o n  may r e a c h  t h e  i n t e s t i n a l  c o n t e n t s  i n  th e  

b i l e  a s  a  r e s u l t  o f  e x c r e t i o n  from  t h e  l i v e r  s i n c e  i n  t h e s e  

a n im a ls  t h e  h e p a t i c  c e l l 3  show f i n e l y  g r a n u la r  i r o n  o r i e n 

t a t e d  i n  t h e  n e ig h b o u r h o o d  o f  th e  e x c r e t o r y  b i l e  c a n a l i c u l i .  

I r o n  a r r i v i n g  b y  t h i s  r o u t e  m ig h t  r e a c h  th e  f i r s t  p a r t  o f  

t h e  duodenum ab ove  t h e  e n tr a n c e  Of t h e  b i l e  d u c t  and e v en  

t h e  g a s t r i c  m ucosa b y  r d g u r g i t a t i o n  o f  d u o d e n a l  c o n t e n t s ,  

th o u g h  w h e th e r  t h i s  o c cu rs  i n  th e  mouse i s  n o t  a t  p r e s e n t  

known.

W ith  r e g a r d  t o  t h e  r o l e  o f  th e  i r o n - c o n t a i n i n g  h i s t i o 

c y t e s  i n  t h e  i n t e r s t i t i a l  t i s s u e  o f  th e  g a s t r o - i n t e s t i n a l  

t r a c t ,  I  do n o t  c o n s i d e r  t h a t  a n y  s p e c i a l  im p o rta n ce  can  be 

a t t a c h e d  t o  them i n  r e l a t i o n  t o  a b s o r p t i o n  or  e x c r e t i o n  o f  

i r o n .  As has b een  p r e v i o u s l y  p o in t e d  o u t ,  s i m i l a r  c e l l s  

a r e  r e a d i l y  d e m o n str a te d  In  t h e s e  s i t u a t i o n s  b y  v i t a l  

s t a i n i n g  w i t h  s o l u b l e  d y e s ,  and i t  I s  p r o b a b le  t h a t  th e

s t o r a g e  o f  I r o n  I s  m e r e ly  e v i d e n c e  o f  t h e i r  g e n e r a l  t e n d e n c y

t o  ta k e  up  and c o n c e n t r a t e  s u b s t a n c e s  o f  t h i s  k in d  w h ic h  a r e

p r e s e n t  i n  t h e  c i r c u l a t i n g  b l o o d .  I  have fo u n d  n o  e v id e n c e

t h a t  h i s t i o c y t e s  p l a y  any p a r t  i n  e x c r e t i o n  o f  i r o n  or  v i t a l  

s t a i n s  b y  d i r e c t  I n t r a c e l l u l a r  t r a n s p o r t  a s  Hochhaus and  

Q uincke s u g g e s t ,  t h e  number o f  s u c h  c e l l s  i n  t h e  i n t e r s t i t i a l  

t i s s u e  o f  th e  i n t e s t i n a l  w a l l  i s  n o t  n o t a b l y  i n c r e a s e d  o v e r  

t h a t  n o r m a l ly  p r e s e n t ,  and I  c o n s i d e r  t h a t  th e  e v id e n c e  p o i n t s  

t o  a p u r e ly  p a s s i v e  r o l e  i n  t h i s  c o n n e c t i o n .
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KIDNEY.

The I n i t i a l  d e p o s i t  o f  i r o n  i n  t h e  k id n e y  h a s  a l r e a d y  

b e e n  d e s c r i b e d  a s  s i m i l a r  t o  t h a t  o f  o t h e r  s u s p e n s o i d s ,  and  

c o n s i s t s  I n  a  d e p o s i t i o n  i n  i s o l a t e d  c e l l s  i n  t h e  c a p i l l a r y  

w a l l s  b o t h  o f  th e  g l o m e r u l i  and i n t e r t u b u l a r  c a p i l l a r i e s ,  

e s p e c i a l l y  a b o u t  t h e  j u n c t i o n  zo n e  o f  c o r t e x  and m e d u l la .

T h is  i s  l e s s  s t r i k i n g  w i t h  t h e  s o l u b l e  form s o f  s a c c h a r a t e d  

o x id e  and has n o t  b e e n  o b s e r v e d  a f t e r  i r o n  ammonium c i t r a t e .  

In  t h e s e  s i t u a t i o n s  th e  amount o f  i r o n  g r a d u a l l y  d i m i n i s h e s  

th o u g h  h e r e  and t h e r e  i s o l a t e d  c e l l s  may be fo u n d  c o n t a i n i n g  

i r o n  g r a n u le s  f o r  many months a f t e r  t h e  l a s t  i n j e c t i o n  o f  

i r o n .  The c o n d i t i o n  o f  t h e  c e l l s  o f  t h e  c o n v o lu t e d  t u b u le s  

o f  t h e  k id n e y  I s  o f  g r e a t  i n t e r e s t .  In  th e  e a r l y  s t a g e s  

t h e s e  c e l l s  e x h i b i t  no t r a c e  o f  i r o n ,  b u t  w i t h i n  a  p e r io d  

w h ic h  seem s t o  v a r y  w i t h  d i f f e r e n t ,  a n im a ls  and w i t h  d i f f e r e n t  

sa m p les  o f  s a c c h a r a t e d  o x i d e ,  i r o n  ap p ears  w i t h i n  t h e  t u b u le  

c e l l s .  I t  i s  p r o b a b le  t h a t  t h e  i r o n  i s  e x c r e t e d  In  th e  

g lo m e r u la r  f i l t r a t e  and i s  r e a b so r b e d  i n  t h e  t u b u l e s ,  and i t  

i s  n o t e w o r th y  t h a t  t h i s  o c cu rs  o n ly  s u b s e q u e n t  t o  t h e  a p p e a r 

an ce  o f  l o o s e l y  bound I r o n  i n  th e  p la sm a . A f t e r  in t r a v e n o u s  

i n j e c t i o n  o f  i r o n  ammonium c i t r a t e  a  s i m i l a r  s e q u e n c e  i s  

o b s e r v e d  i n  s o  f a r  a s  no i r o n  i s  fo u n d  In  th e  t u b u le  c e l l s  

u n t i l  a f t e r  s e v e r a l  d ays a t  l e a s t .  T h is  a p p ea r s  t o  su p p o r t



210

f u r t h e r  th e  s u g g e s t i o n  made p r e v i o u s l y  t h a t  d u r in g  t h i s  

i n t e r v a l  t h e  i r o n  i s  e n t e r i n g  i n t o  some c o m b in a t io n  i n  w h ic h  

i t  i s  a d a p te d  t o  c o n t in u o u s  c i r c u l a t i o n  i n  t h e  b od y  f l u i d s  

and w h ic h  c a n  be a b so r b e d  b y  parenchyma c e l l s .  I t  i s  o f  

i n t e r e s t  i n  t h i s  c o n n e c t io n  t h a t  some w r i t e r s  c o n s i d e r  th e  

g lo m e r u la r  f i l t r a t e  n o r m a l ly  t o  c o n t a i n  a s m a l l  amount o f  

p r o t e i n  w h ic h  i s  c o m p le t e ly  r e a b s o r b e d  i n  t h e  t u b u l e s ;  t h i s  

i s  s t a t e d  t o  be  n e c e s s a r y  t o  e x p l a i n  t h e  mode o f  e x c r e t i o n  o f  

c e r t a i n  v i t a l  d y e s  (de Haan, 1 9 2 2 ) .  Prom t h e  ab ove  o b s e r v a 

t i o n s  i t  w ou ld  ap p ear  t h a t  e v en  r e l a t i v e l y  s im p le  i r o n  s a l t s  

s u c h  a s  i r o n  ammonium c i t r a t e  a r e  u n a b le  t o  e s c a p e  d i r e c t l y  

th r o u g h  t h e  g lo m e r u la r  membrane. As r e g a r d s  t h e  s u b s e q u e n t  

a p p ea r a n c e  o f  i r o n  i n  t h e  g lo m e r u la r  f i l t r a t e  i t  has n o t  b een  

d e te r m in e d  w h e th e r  t h i s  d epend s on th e  i r o n  f i r s t  b e i n g  a c t e d  

upon b y  t h e  t i s s u e s  i n  some way t h a t  r e n d e r s  i t  s u i t a b l e  f o r  

e x c r e t i o n ,  or  w h e th e r  i t s  p r e s e n c e  i n  th e  c i r c u l a t i o n  i n c r e a s e s  

th e  p e r m e a b i l i t y  o f  t h e  g lo m e r u la r  t u f t .  In  t h e  m echanism  

o f  r e n a l  f i l t r a t i o n  some f a c t o r s  o t h e r  th a n  th e  s i z e  o f  th e  

m o le c u le s  m u st be c o n c e r n e d ,  f o r  as we have s e e n  s im p le  

d i a l y s a b l e  i r o n  s a l t s  do n o t  p a s s  th r o u g h  th e  g lo m e r u la r  f i l t e r  

w hereas h a e m o g lo b in  w i t h  an enormous m o le c u le  d o e s  s o  w i t h  

g r e a t  r a p i d i t y .  U n le s s  t h e  amount o f  h a em o g lo b in  p a s s e d  

th r o u g h  i s  c o n s i d e r a b l e  no e x c r e t i o n  o f  h a e m o g lo b in  i n  th e  

u r in e  f o l l o w s ,  an i n d i c a t i o n  t h a t  c o m p le te  r e a b s o r p t i o n  i n  th e
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t u b u l e s  has o c c u r r e d .  In  t h e s e  e x p e r im e n ts  i t  w ould  ap p ea r  

t h a t  a l l  t h e  i r o n  p a s s i n g  th ro u g h  t h e  g lo m e r u la r  f i l t e r  i s  

r e a b s o r b e d  b y  t h e  t u b u le  c e l l s  s i n c e  the  amount o f  i r o n  

p r e s e n t  i n  th e  u r i n e  i s  t o o  s m a l l  t o  be d e t e c t e d  b y  s im p le  

c h e m ic a l  t e s t s  s u c h  a s  t h e  p r u s s i a n  b lu e  r e a c t i o n  or  ammonium 

s u l p h i d e .  In  some c a s e s  as e a r l y  a s  2 4  hou rs a f t e r  a s i n g l e  

in t r a v e n o u s  i n j e c t i o n  o f  s a c c h a r a t e d  o x id e  o f  i r o n  th e  

c o n t e n t s  o f  same o f  th e  f i r s t  c o n v o lu t e d  t u b u le s  and  t h e  f r e e  

m a rg in s  o f  t h e i r  c e l l s  g i v e  a f a i n t  d i f f u s e  i r o n  r e a c t i o n  

w h ic h  becom es more d i s t i n c t  d u r in g  th e  n e x t  48 h o u r s .  A f t e r  

72 h o u r s ,  a  f a i n t  d i f f u s e  p r u s s i a n  b lu e  r e a c t i o n  i s  g i v e n  b y  

th e  c e l l s  o f  many o f  th e  p r o x im a l  c o n v o lu t e d  t u b u l e s ,  and i n  

a few  c o r t i c a l  t u b u le s  f i n e  g r a n u le s  a p p e a r .  D u rin g  a 

f u r t h e r  p e r i o d  o f  2 0  -  3 0  d ays t h i 3  t u b u la r  i r o n  r e a c t i o n  

u s u a l l y  becom es more d i s t i n c t  and t h e  i r o n  i n  t h e  c e l l s  

assu m es a  more d e f i n i t e l y  g r a n u la r  form ; i t  p e r s i s t s  f o r  

s e v e r a l  w eeks i n  s i m i l a r  i n t e n s i t y  and d im in i s h e s  g r a d u a l l y ,  

b u t  t r a c e s  o f  i r o n  p e r s i s t  e v e n  s e v e r a l  months a f t e r  a  s i n g l e  

i n j e c t i o n .  I t  i s  n o te w o r th y  t h a t  i n  k id n e y s  th e  s e a t  o f  

p a t c h y  c h r o n ic  n e p h r i t i s  o f  sp o n ta n e o u s  o r i g i n ,  t h e  i r o n  

r e a c t i o n  a p p ea rs  e a r l i e r  and i3  more p ronou nced  th a n  i n  h e a l t h y  

k i d n e y s . P resu m ably  t h i s  i s  r e l a t e d  t o  i n c r e a s e d  p e r m e a b i l i t y  

o f  th e  g lo m e r u la r  t u f t s .

A f t e r  r e p e a t e d  i n j e c t i o n s  o f  i r o n  th e  h i s t o l o g i c a l  

P i c t u r e  o f  i r o n  s t o r a g e  i n  t h e  k id n e y  i s  m e r e ly  i n t e n s i f i e d ,
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b u t n o t  t o  a p r o p o r t i o n a t e  e x t e n t .  The d e p o s i t  i n  t h e  

g lo m e r u la r  and i n t e r t u b u l a r  c a p i l l a r i e s  i s  more marked and  

more p e r s i s t e n t ,  b u t  t h e  c h i e f  d i f f e r e n c e  i s  s e e n  i n  t h e  more 

p ron ou n ced  e v i d e n c e  o f  i r o n  r e a b s o r p t i o n  i n  th e  c o n v o lu t e d
( f i g . 6 6 )

t u b u l e s .  In  t h e  m ost i n t e n s i v e l y  t r e a t e d  a n im a ls  i n  t h e  

s e r i e s ,  i . e .  m ic e  r e c e i v i n g  8  in t r a v e n o u s  i n j e c t i o n s  o f  

s a c c h a r a t e d  o x id e  o f  i r o n ,  t h e  c e l l s  o f  t h e  c o n v o lu t e d  t u b u le s  

c o n t in u e  t o  e x h i b i t  g r a n u la r  i r o n  th r o u g h o u t  t h e  d u r a t i o n  o f  

t h e  e x p e r i m e n t s .  At th e  end o f  14 m o n th s ,  w h ich  r e p r e s e n t s  

a la r g e  p a r t  o f  th e  a v e r a g e  l i f e t i m e  o f  a m ou se , a few  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  g lo m e r u la r  and i n t e r t u b u l a r  c a p i l 

l a r i e s  and t h e  c e l l s  o f  th e  c o n v o lu t e d  t u b u l e s  s t i l l  e x h i b i t  

t r a c e s  o f  g r a n u la r  i r o n ,  th o u g h  t h i s  a n im a l  d id  n o t  r e c e i v e  

th e  maximum d o s a g e  em p lo y ed .

The h i s t i o c y t e s  o f  th e  p e r i r e n a l  c o n n e c t i v e  t i s s u e s  a t  

f i r s t  c o n t a i n  no i r o n  b u t  a f t e r  a few  d ays a f a i n t  d i f f u s e  

P r u s s ia n  b lu e  r e a c t i o n  a p p ea r s  i n  t h e  c y to p la s m ;  t w e lv e  t o  

tw e n ty  d a y s  l a t e r  t h e  i r o n  has become v e r y  f i n e l y  g r a n u la r .

When r e p e a te d  in j e c t io n s  are g iv e n  ir o n  s to r a g e  by th e  h i s t i o 

c y te s  o f  th e  su rrou n d in g  c o n n e c tiv e  t i s s u e  becom es p r o g r e s s iv e ly  

more in te n s e  and assum es a c o a r s e ly  g ra n u la r  form .
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LUNG.

As n o t e d  p r e v i o u s l y ,  s a c c h a r a t e d  o x id e  o f  I r o n  has  p ro v ed  

t o  be  s t a b l e  I n  c o n t a c t  w i t h  t h e  b l o o d  p la sm a ,  no g r o s s  

p r e c i p i t a t i o n  o c c u r r i n g ,  t h e r e f o r e  t h e r e  i s  p r a c t i c a l l y  no  

im m ed iate  d e p o s i t  o f  i r o n  i n  t h e  lu n g  t i s s u e s .  The e n d o t h e l i a l  

c e l l s  o f  t h e  a l v e o l a r  c a p i l l a r i e s  a r e  a lm o s t  e n t i r e l y  d e v o id  

o f  p h a g o c y t i c  p r o p e r t i e s  and i t  may be  s t a t e d  d e f i n i t e l y  t h a t  

no c l e a r  e v id e n c e  o f  i r o n  s t o r a g e  b y  them has  b e e n  o b s e r v e d  

a t  a n y  s t a g e  o f  t h e  e x p e r im e n t s .  The e p i t h e l i u m  o f  th e  

a l v e o l i  and b r o n c h i a l  m ucosa l i k e w i s e  shows no t r a c e  o f  i r o n

d u r in g  th e  e a r l i e r  s t a g e s .  In  a d d i t i o n  t o  t h e  norm al b lo o d
( f i g . 67)

l e u c o c y t e s ,  w h ic h  a t  f i r s t  c o n t a i n  i r o n ,  t h e r e  a r e  fo u n d  i n  

th e  lu n g  c a p i l l a r i e s  l a r g e r  c e l l s  v e r y  h e a v i l y  la d e n  w i t h  i r o n  

w h ic h  seem  i n  some c a s e s  t o  form  a c t u a l  c a p i l l a r y  e m b o l i .

T h ese  a p p ea r  w i t h i n  an  h o u r  b u t  a r e  much more numerous a f t e r  

from 5 - 2 4  h o u r s :  t h e y  a r e  desq u am ated  r e t i c u l o - e n d o t h e l i a l

c e l l s  s u c h  a s  w ere o b s e r v e d  i n  th e  b lo o d  o f  th e  h e p a t i c  v e i n s  

and s i n u s o i d s  ( f i g . 68)

T hese  desq u am ated  r e t i c u l o - e n d o t h e l i a l  c e l l s  p e r s i s t  

i n  s i t u  f o r  lo n g  p e r io d s  and i t  i s  p r o b a b le  t h a t  a l l  t h o s e  

w h ich  a c t u a l l y  form c a p i l l a r y  e m b o li  f i n a l l y  d i e  and  d i s 

i n t e g r a t e  i n  t h e  l u n g s .  S m a ll  amorphous m a sses  o f  d e n se  

i r o n  p igm en t w i t h  no r e l a t e d  c e l l  body  c a n  be o b s e r v e d  i n  th e  

lu n g  c a p i l l a r i e s  o f  a n im a ls  i n  t h e  e x p e r im e n ts  o f  lo n g e r  

d u r a t i o n  b u t  th e  p ro b a b le  d a t e  o f  t h e i r  a r r i v a l  i n  th e  lu n g s
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c a n n o t  be  d e te r m in e d  s i n c e  d e sq u a m a tin g  r e t i c u l o - e n d o t h e l i a l  

c e l l s  a r e  fo u n d  i n  t h e  i n t e r n a l  organs  f o r  lo n g  p e r i o d s  e v e n

a f t e r  t h e  c e s s a t i o n  o f  i n j e c t i o n s  o f  i r o n .

When r e p e a t e d  i n j e c t i o n s  o f  i r o n  a r e  g i v e n  and t h e  

a n im a ls  a r e  o b s e r v e d  a t  i n t e r v a l s  o v er  a  lo n g  - p e r io d ,  t h e  m ost  

n o t a b le  ch an ge  i n  t h e  lu n g s  i s  shown b y  th e  norm al "du st"  

c e l l s ,  w h ich  a re  produ ced  i n  r e s p o n s e  t o  th e  n a t u r a l  a n t h r a -  

c o s i s  i n  to w n -b r ed  m ic e .  T hese  c e l l s  a t  f i r s t  c o n t a i n  n o  i r o n ,  

b u t  a f t e r  t w e lv e  t o  s i x t e e n  d a y s  t h e y  e x h i b i t  a  f a i n t  d i f f u s e  

b l u i n g  i n  some p a r t s  o f  t h e  l u n g .  T h is  i r o n  r e a c t i o n  i s  

a lw a y s  d i f f u s e  a t  f i r s t  and in d e e d  i t  has o n ly  r a r e l y  b e e n  

o b s e r v e d  t o  become e v e n  f i n e l y  g r a n u l a r .  W ith  i n c r e a s e d  

d u r a t i o n ,  th e  c o l o r a t i o n  o f  th e  c e l l s  becom es d e e p e r ,  b u t  i s  

g e n e r a l l y  s t i l l  d i f f u s e  e v e n  a f t e r  s e v e r a l  m o n th s .  I t  i s

n o te w o r th y  t h a t  a l l  t h e  lu n g  p h a g o c y t e s  do n o t  g i v e  an  e q u a l l y

i n t e n s e  r e a c t i o n :  i n  some p a r t s  o f  t h e  lu n g s  t h e  c e l l s  a r e

o n ly  f a i n t l y  c o lo u r e d  or a r e  q u i t e  f r e e  from i r o n ,  i n  o t h e r  

p a r ts  t h e  p r u s s ia n  b lu e  r e a c t i o n  i s  i n t e n s e .  In  th e  lo n g e r  

e x p e r im e n ts  some o f  t h e  a l v e o l a r  l i n i n g  c e l l s  h ave  b een  

o b s e r v e d  t o  g i v e  a d i f f u s e  i r o n  r e a c t i o n  s i m i l a r  t o  t h a t  o f  

th e  " d u s t ” c e l l s ;  t h e y  a r e  g e n e r a l l y  s w o l l e n  and p r o j e c t  i n t o  

th e  a i r  v e s i c l e s  s u g g e s t i n g  t h a t  t h e y  a r e  i n  a  s t i m u l a t e d  

c o n d i t i o n  and a r e  a b o u t  t o  desquam ate t o  become a l v e o l a r

p h a g o c y t e s ;  s u c h  c e l l s  may a l s o  c o n t a i n  ca rb o n  p a r t i c l e s

( f i g .  68)
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w h i le  i n  3 l t u  i n  t h e  a l v e o l a r  w a l l s .  The e p i t h e l i u m  o f  t h e  

b r o n c h i a l  m ucosa d o e s  n o t  a t  a n y  t im e  p a r t i c i p a t e  i n  t h e  

s t o r a g e  o f  i r o n .
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SUPRARENAL GLANDS.

In  v ie w  o f  t h e  s i n u s o i d a l  c h a r a c t e r  o f  t h e  s u p r a r e n a l  

c a p i l l a r i e s ,  t h e i r  l i n i n g  c e l l s  e x h i b i t  s u r p r i s i n g l y  l i t t l e  

a f f i n i t y  f o r  s a c c h a r a t e d  o x id e  o f  i r o n ,  and o n l y  an  o c c a s i o n a l  

e n d o t h e l i a l  c e l l  i n  t h e  c o r t e x  o r  m e d u lla  i s  fou n d  t o  g i v e  a 

s t r o n g  i r o n  r e a c t i o n .  A few  s u c h  c e l l s  a r e  g e n e r a l l y  

p r e s e n t  i n  t h e  g la n d s  a t  a l l  s t a g e s  i n d i c a t i n g  t h a t ,  a s  i n  

t h e  k i d n e y ,  t h o s e  c e l l s  w h ic h  have a c t u a l l y  s t o r e d  t h e  i r o n  

I n t r a c e l l u l a r l y  r e t a i n  i t  f o r  v e r y  lo n g  p e r i o d s .  T h is  i n t r a 

c e l l u l a r  i r o n  g o e s  th ro u g h  t h e  same t r a n s f o r m a t io n s  a s  i n  

a c t i v e  r e t i c u l o - e n d o t h e l i a l  c e l l s  i n  o t h e r  o r g a n s ,  i . e .  i t  

s o o n  becom es i n t e n s e l y  c o n c e n t r a t e d  and g r a n u la r ;  a f t e r  f o u r  

t o  s i x  m onths i t  becom es f a i n t ,  i n d i c a t i n g  g r a d u a l  e x c r e t i o n .

I n  th e  c o r t e x ,  th e  e p i t h e l i u m  o f  t h e  g lo m e r u la r  zone  

f i r s t  e x h i b i t s  a f a i n t  d i f f u s e  i r o n  r e a c t i o n  7 2  hou rs a f t e r  a 

s i n g l e  i n j e c t i o n .  In  some a n im a ls  t h i s  i s  more marked th a n  

i n  o t h e r s ,  b u t  i n  no c a s e  d o es  i t  become v e r y  p ron ou n ced  or  

a p p ro a c h  th e  d e g r e e  fou n d  i n  t h e  l i v e r  c e l l s .  L a te r  t h e  i r o n  

ch a n g e s  t o  th e  f i n e l y  g r a n u la r  fo rm . The c e l l s  o f  t h e  zona  

f a s c l c u l a t a  t a k e  no p a r t  i n  i r o n  s t o r a g e ,  b u t  t h e  zona  

r e t i c u l a r i s ,  w h i l e  more s lo w  t o  b e g i n  t h e  a c c u m u la t io n  o f  

i r o n ,  d o es  e v e n t u a l l y  s t o r e  i t  i n  an amount e x c e e d in g  t h a t  o f  

t h e  g lo m e r u la r  z o n e .  The c e l l s  a d j a c e n t  t o  t h e  m e d u lla  a r e  

u s u a l l y  t h e  f i r s t  t o  be a f f e c t e d ,  b e g in n in g  t o  r e a c t  ab ou t
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tw e n ty  t o  t h i r t y  d ays a f t e r  t h e  f i r s t  i n j e c t i o n ,  and  a s  t im e  

go es  on t h e  amount o f  i r o n  i n  t h i s  s i t u a t i o n  i n c r e a s e s  and

th e  c e l l s  f u r t h e r  o u t  i n  th e  zona  r e t i c u l a r i s  become i n v o l v e d .
( f i g . 69)
In  t h e  lo n g e r  e x p e r im e n t s ,  i . e .  6 -  8  months a f t e r  r e p e a t e d  

a d m i n i s t r a t i o n s  i r o n  a c c u m u la t io n  i n  t h i s  zone  o f  t h e  s u p r a 

r e n a l  c o r t e x  i s  m arked. I t  th u s  c o r r e sp o n d s  t o  t h e  g r a d u a l  

a c c u m u la t io n  p r e v i o u s l y  d e s c r i b e d  a s  o c c u r r in g  w i t h  d y e s  o f  

th e  l e s s  d i f f u s i b l e  t y p e ,  e . g .  i s a m in e  b l u e .  I  have n o t  

o b s e r v e d  a n y  t r a c e  o f  i r o n  s t o r a g e  i n  t h e  c e l l s  o f  t h e  m e d u l la ,  

b u t P o i s o n  ( 1 9 2 9 )  r e c o r d s  i r o n  i n  t h i s  s i t u a t i o n  i n  one a n im a l  

a l t h o u g h  he n e v e r  fo u n d  i r o n  s t o r a g e  i n  t h e  c e l l s  o f  th e  

s u p r a r e n a l  c o r t e x .
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PANCREAS.

The e n d o t h e l i a l  c e l l s  o f  th e  p a n c r e a t i c  c a p i l l a r i e s  

do n o t  a p p e a r  t o  p o s s e s s  h i s t i o c y t i c  p r o p e n s i t i e s  and d o  n o t  

s t o r e  i r o n  a f t e r  in t r a v e n o u s  i n j e c t i o n  o f  t h e  s a c c h a r a t e d  

o x i d e .  I n  th e  e x p e r im e n ts  o f  lo n g  d u r a t i o n  e s p e c i a l l y  a f t e r  

r e p e a t e d  i n j e c t i o n s  o f  i r o n ,  t h e  h i s t i o c y t e s  i n  t h e  s tro m a  o f  

th e  p a n c r e a s  arou n d  t h e  v e s s e l s  and d u c t s  and b e tw e e n  th e  

a c i n i  a c c u m u la te  i r o n  j u s t  a s  do th e  h i s t i o c y t e s  e l s e w h e r e ,  

and i n  common w i t h  t h o s e  o f  t h e ' o t h e r  a b d o m in a l v i s c e r a  t h e y  

e x h i b i t  t h i s  r e a c t i o n  e a r l i e r  and more m a rk ed ly  th a n  do t h o s e  

o f  t h e  s u b c u ta n e o u s  t i s s u e s .

E ven i n  t h e  l o n g e s t  e x p e r im e n ts  a f t e r  r e p e a t e d  i n j e c t i o n s  

th e  parenchym a c e l l s  o f  t h e  p a n c r e a s  have n o t  b e e n  o b s e r v e d  

t o  c o n t a i n  an y  t r a c e  o f  h i s t o l o g i c a l l y  d e m o n str a b le  i r o n ,  

e i t h e r  i n  t h e  zym ogenous c e l l s  or i n  t h e  i s l e t s  o f  L a n g e r h a n s . 

In  a l l  t h e  e x p e r im e n t a l  a n im a ls  t h e  p a n c r e a s  has  a p p ea red  

h e a l t h y  m i c r o s c o p i c a l l y ;  no f i b r o s i s  or  a tr o p h y  has b een  

o b s e r v e d .
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BRAIN AND NERVOUS SYSTEM.

I n  t h e  e a r l y  s t a g e s ,  e s p e c i a l l y  a f t e r  l a r g e  d o s e s  o f  

i r o n ,  t h e r e  may be some d e p o s i t  on th e  w a l l s  o f  t h e  b r a i n  

c a p i l l a r i e s , b u t  t h i s  i s  r a p i d l y  rem oved and t h e r e a f t e r  no  

i r o n  i s  fo u n d  i n  th e  n er v o u s  t i s s u e .  The c e l l s  l i n i n g  th e  

c h o r o id  p l e x u s e s  ap p ea r  t o  p o s s e s s  l i t t l e  a f f i n i t y  f o r  i r o n ,  

and d o  n o t  e x h i b i t  a  d e g r e e  o f  i r o n  s t o r a g e  com parab le  w i t h  

t h e i r  a v i d i t y  f o r  c e r t a i n  v i t a l  s t a i n s .  In  t h e  lo n g e r  

e x p e r im e n ts  o n ly  a few  t i n y  i r o n  g r a n u le s  w ere  fo u n d  i n  th e  

l i n i n g  c e l l s ,  b u t  t h e  h i s t i o c y t e s  p r e s e n t  c o n t a i n  a r a t h e r  

g r e a t e r  amount o f  i r o n  and t h o s e  o f  t h e  p i a  a r a c h n o id  g e n e r a l l y  

a r e  s i m i l a r l y  a f f e c t e d .  The n ervou s  e le m e n ts  n e v e r  e x h i b i t  

any t r a c e  o f  i r o n ,  e i t h e r  i n  th e  b r a i n ,  s p i n a l  c o r d  or 

p e r i p h e r a l  g a n g l i a .
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DISCUSSION.

The a b o v e  e x p e r im e n ts  a r e  o f  Im p ortan ce  I n  r e l a t i o n  

t o  t h e  mode o f  d i s p o s a l  o f  e x c e s s  i r o n  w h ich  i s  n o t  due t o  

b lo o d  d e s t r u c t i o n .  S in c e  e a c h  in t r a v e n o u s  i n j e c t i o n  am ounted  

t o  a t  l e a s t  1 mgm. o f  i r o n  t h e  maximum number o f  i n j e c t i o n s  

c o r r e s p o n d e d  i n  a l l  t o  a p p r o x im a te ly  11 mgms. o f  i r o n  p e r  20  

grammes b od y  w e i g h t .  Owing t o  t h e  d i f f i c u l t i e s  i n v o l v e d  i n  

t h e  e s t i m a t i o n  o f  m in u te  q u a n t i t i e s  o f  i r o n  few  i n v e s t i g a t i o n s  

on  t h e  amount n o r m a lly  p r e s e n t  i n  mouse o rgan s  h ave  b e e n  

r e c o r d e d .  H a l l  ( 1 8 9 4 ) ,  e s t i m a t i n g  th e  t o t a l  i r o n  c o n t e n t  o f  

m ic e  e x c l u d i n g  s k i n  and a l im e n t a r y  t r a c t  b u t  i n c l u d i n g  th e  

b l o o d ,  fo u n d  t h a t  young m ice  c o n t a i n  1*25 mgm. and o l d  m ice  

1*81  mgm. o f  i r o n ,  an  a v e r a g e  o f  1*53 mgm. p er  m ou se . I t  w i l l  

be s e e n  t h e r e f o r e  t h a t  a r e l a t i v e l y  v e r y  la r g e  amount o f  i r o n  

has b e e n  a d m in i s t e r e d  i n  p r o p o r t io n  t o  th e  s i z e  o f  th e  a n im a l s .

The d e p o s i t i o n  o f  th e  i r o n  im m e d ia te ly  a f t e r  i n j e c 

t i o n  i s  s i m i l a r  t o  t h a t  g e n e r a l l y  o b se r v e d  a f t e r  t h e  a d m in is 

t r a t i o n  o f  s u s p e n s o id s  and o th e r  f o r e i g n  s u b s t a n c e s  w h ich  

a c t  a s  v i t a l  s t a i n s .  But t h e  f e a t u r e  w h ich  i t  i s  d e s i r e d  

t o  e m p h a size  i s  t h a t  t h e  i r o n  d e p o s i t e d  i n  t h e  r e t i c u l o 

e n d o t h e l i a l  c e l l s  d oes  n o t  m e r e ly  b eh ave  a s  a n  i n e r t  s u b s t a n c e  

l i k e  a c i d  d y e s t u f f s  or c a rb o n  p a r t i c l e s .  W ith  i r o n  t h e r e  

a r e  l a t e r  t r a n s f o r m a t io n s  under t h e  i n f l u e n c e  o f  c e l l u l a r  

a c t i v i t y  w h ich  l e a d  t o  a  r e d i s t r i b u t i o n .  I f  t h e  t i s s u e s  

be exam ined  im m e d ia te ly  a f t e r  an in t r a v e n o u s  i n j e c t i o n  o f
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s a c c h a r a t e d  o x id e  o f  i r o n ,  f r e e  i r o n  i s  fo u n d  i n  t h e  b lo o d  

i n  t h e  v e s s e l s ;  t h i s  i s  a lw ays  i n  f i n e l y  g r a n u la r  form  

c o r r e s p o n d in g  t o  t h e  f i n e l y  p a r t i c u l a t e  n a t u r e  o f  th e  s o l u 

t i o n .  The f r e e  i r o n  i s  r a p i d l y  rem o v ed , a s  i t  i s  t a k e n  up  

and s t o r e d  i n  t h e  c e l l s  o f  t h e  r e t i c u l o - e n d o t h e l l a l  s y s te m  

w h ic h  l i e  a lo n g  t h e  b lo o d  v a s c u l a r  c h a n n e l s ,  s o  t h a t  a f t e r  

24  h ou rs  no t r a c e  o f  i t  i s  fou n d  i n  t h e  p la sm a .  A p o r t i o n  

o f  t h e  i r o n  i s  a l s o  ta k e n  up  by c e r t a i n  o f  t h e  c i r c u l a t i n g  

l e u c o c y t e s .  The u l t i m a t e  f a t e  o f  t h e  l a t t e r  i s  u n c e r t a i n  

b u t  i t  i s  p r o b a b le  t h a t  a f t e r  a tem p o ra ry  s o j o u r n  i n  t h e  lu n g  

c a p i l l a r i e s  m ost o f  them f i n a l l y  a c c u m u la te  i n  t h e  s p l e e n  

p u lp  and a r e  d e s t r o y e d  t h e r e .  The f i r s t  e v i d e n c e  o f  t h e  

l a t e r  t r a n s f o r m a t io n s  i s  t h e  i n c r e a s e d  c o n c e n t r a t i o n  o f  th e  

i n g e s t e d  i r o n ;  f a i r l y  d i f f u s e d  th r o u g h o u t  th e  c y to p la s m  t o  

b e g i n  w i t h ,  i t  s o o n  becom es c o n c e n t r a t e d  i n t o  s m a l l e r  b u t  

more i n t e n s e l y  s t a i n i n g  g r a n u l e s .  About 72  h o u rs  a f t e r  

i n j e c t i o n  th e  b lo o d  plasm a a g a i n  g i v e s  a f a i n t  i r o n  r e a c t i o n ,  

b u t t h i s  i s  now d i f f u s e  and c a n n o t  be  r e s o l v e d  i n t o  g r a n u la r  

form e v e n  w i t h  t h e  h i g h e s t  powers o f  th e  m i c r o s c o p e .  I t  i s  

b e s t  s e e n  where t h e  c o r p u s c l e s  have s e t t l e d  t o  one s i d e  o f  a 

v e s s e l  l e a v i n g  a zone  o f  c l e a r  p lasm a w hich  t h e n  tu r n s  f a i n t  

b lu e  on t r e a t m e n t  w i t h  warm h y d r o c h l o r i c  a c i d  and  f e r r o c y a n i d e  

o f  p o t a s s iu m .  T h is  d i f f u s e  plasm a r e a c t i o n  g r a d u a l l y  

i n c r e a s e s  i n  i n t e n s i t y  and becom es v e r y  d i s t i n c t  f o u r t e e n  t o  

tw e n ty  d a y s  a f t e r  an i n j e c t i o n .  When r e p e a t e d  i n j e c t i o n s
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a r e  g i v e n  i t  c o n t i n u e s  t o  be p r e s e n t  th r o u g h o u t  th e  t r e a t m e n t  

and p e r s i s t s  f o r  s e v e r a l  months a f t e r  t h e  c e s s a t i o n  o f  i r o n  

a d m i n i s t r a t i o n .  T h is  d i f f u s e  r e a c t i o n  i s  e v i d e n t l y  due t o  

th e  p r e s e n c e  o f  l o o s e l y  bound i r o n  i n  t h e  p la sm a ,  and i t  i s  

r e a s o n a b l e  t o  su p p o se  t h a t  i t  i s  d e r i v e d  from  t h e  i r o n  t a k e n  

up b y  t h e  p h a g o c y t i c  c e l l s  w h ich  has b e e n  l i b e r a t e d  a g a in  

ow ing t o  t h e i r  m e t a b o l i c  a c t i v i t y  p r o b a b ly  a f t e r  b e i n g  l i n k e d  

i n  some way t o  p r o t e i n .  T h is  l o o s e l y  bound i r o n  i s  d i f f u s i b l e  

and p a s s e s  th r o u g h  t h e  c a p i l l a r y  w a l l s  i n t o  th e  t i s s u e  f l u i d s ' ,  

from  w h ic h  i n  tu r n  i t  g a i n s  e n t r a n c e  t o  th e  ly m p h a t ic s  and s o  

r e a c h e s  t h e  ly m p h a t ic  g l a n d s .  S in c e  i r o n  a p p e a r s  w i t h i n  t h e  

h e p a t i c  c e l l s ,  r e n a l  t u b u le  c e l l s ,  ly m p h a t ic  g la n d s  and 

h i s t i o c y t e s  o n ly  s u b s e q u e n t  t o  th e  a p p ea r a n c e  o f  t h i s  l o o s e l y  

bound i r o n  i n  t h e  b lo o d  p lasm a and lymph i t  i s  r e a s o n a b le  t o  

i n f e r  t h a t  t h e  tw o p r o c e s s e s  a r e  c o r r e l a t e d .  The t r a n s f e r  

o f  i r o n  from t h e  e n g o r g e d  K u p ffe r  c e l l s  t o  t h e  l i v e r  c e l l s  

a p p ea r s  t o  o c cu r  o n ly  b y  d i f f u s i o n ,  and  t h e r e  i s  no d i r e c t  

t r a n s f e r  o f  g r a n u la r  i r o n .  The r a p i d i t y  w i t h  w h ic h  t h i s  

p r o c e s s  o c c u r s  v a r i e s  i n  d i f f e r e n t  a n im a ls  u n d er  s i m i l a r  

c o n d i t i o n s ;  i n  some i t  commences a v o u t  72  h ou rs  a f t e r  a 

s i n g l e  i n j e c t i o n  b u t  i n  o t h e r s  i t  i s  a b s e n t  a t  t h i s  e a r l y  

s t a g e  and a p p ea r s  o n ly  l a t e r  -  a f t e r  s e v e n  t o  t e n  d a y s .  I t  

i s  o f  c o u r s e  im p o s s i b l e  t o  s a y  when i r o n  f i r s t  a p p ea r s  i n  t h e  

l i v e r  c e l l s  i n  any g iv e n  a n im a l ,  bu t b y  com paring  t h e  d e g r e e
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o f  i r o n  s t o r a g e  i n  a n im a ls  k i l l e d  a t  v a r y in g  p e r io d s  a f t e r  

a d m i n i s t r a t i o n  t h e  c o n c l u s i o n  has b e e n  r e a c h e d  t h a t  th e  

i n t e r v a l  r e q u i r e d  t o  produce i r o n  s t o r a g e  w i t h i n  t h e  h e p a t i c  

c e l l s  p r e s e n t s  w id e  i n d i v i d u a l  v a r i a t i o n s .  T here  i s  no  

d e f i n i t e  e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e s  i n  s i t e  o f  i n i t i a l  

d e p o s i t i o n  i n  t h e  l i v e r ,  i n  some a n im a ls  p e r i p o r t a l ,  i n  o t h e r s  

c e n t r a l .  S in c e  a l l  t h e  a n im a ls  w ere on a s ta n d a r d  d i e t  i t  

d o es  n o t  a p p ea r  t h a t  t h e  d i f f e r e n c e s  c a n  be a t t r i b u t e d  t o  

v a r i a t i o n s  i n  t h e  n u t r i t i o n  o f  t h e  a n im a ls  a s  s u g g e s t e d  by  

Schwarz ( 1 9 2 8 ) .  Iwanaga (1 9 2 5 )  s t a t e s  t h a t  c o l l o i d a l  i r o n  

( " h e m o s i l" )  i n j e c t e d  i n t r a v e n o u s l y  i s  f i r s t  ta k e n  up b y  th e  

h e p a t i c  c e l l s  and t h a t  i t  a p p ea r s  o n ly  l a t e r  i n  t h e  K u p ffe r  

c e l l s  and o t h e r  r e t i c u l o - e n d o t h e l i a l  e l e m e n t s .  I  have n o t  

o b s e r v e d  t h i s  phenomenon w i t h  a n y  o f  th e  sa m p le s  o f  c o l l o i d a l  

i r o n  I  have em ployed  e i t h e r  i n  t h e  form  o f  s u s p e n s o id s  or  

t r u e  c o l l o i d a l  s o l u t i o n s ,  nor d oes  i t  o ccu r  w i t h  i r o n  ammonium 

c i t r a t e .  In  a l l  my e x p e r im e n ts  t h e  i r o n  i s  f i r s t  d e p o s i t e d  

i n  th e  c e l l s  o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  and i s  o n ly  

a f t e r w a r d s  t r a n s f e r r e d  t o  t h e  l i v e r  c e l l s .

A lth o u g h  t h e  amount o f  i r o n  i n  th e  d i f f e r e n t  organ s  has  

n o t  b e e n  e s t i m a t e d  b y  c h e m ic a l  m e th o d s ,  i t  i s  c l e a r  from  th e  

h i s t o l o g i c a l  o b s e r v a t io n s  t h a t  t h e  g r e a t e s t  amount r e m a in in g  

i n  t h e  t i s s u e s  a f t e r  some months i s  p r e s e n t  i n  t h e  l i v e r .

V ery h ig h  d e g r e e s  o f  i r o n  s t o r a g e  have b e e n  a t t a i n e d ,  and 

e v e n  th e  c e l l s  o f  th e  b i l e  d u c t  e p i t h e l i u m  come t o  c o n t a i n  a
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c o n s i d e r a b l e  amount o f  g r a n u la r  i r o n .  I n  s p i t e  o f  t h i s  

marked s i d e r o s i s  and t h e  a c c u m u la t io n  o f  i r o n - c o n t a i n i n g  

p h a g o c y t e s  i n  t h e  s tro m a  o f  t h e  l i v e r ,  no c i r r h o s i s  has  b e e n  

o b s e r v e d ,  and i t  must be  c o n c lu d e d  t h a t  s i d e r o s i s  a l o n e  i s  

i n s u f f i c i e n t  t o  produce c i r r h o s i s ,  a t  l e a s t  i n  m i c e ,  i n  th e  

a b s e n c e  o f  some t o x i c  f a c t o r  t h e  n a tu r e  o f  w h ic h  i s  unknown. 

The m i g r a t i o n  o f  i r o n - c o n t a i n i n g  c e l l s  and  t h e  t r a n s f e r e n c e  

o f  i r o n  t o  t h e  ly m p h a t ic s  o f  t h e  l i v e r  i s  o f  i n t e r e s t  and  

s u g g e s t s  t h a t  p r o b a b ly  a s i m i l a r  p r o c e s s  i s  r e s p o n s i b l e  f o r  

th e  v e r y  marked i r o n  s t o r a g e  i n  t h e  g la n d s  d r a i n i n g  t h e  l i v e r  

and p a n c r e a s  i n  h a e m o c h r o m a to s is .

The c o m p le te  a b s e n c e  o f  i r o n  s t o r a g e  i n  t h e  parenchyma  

o f  th e  p a n c r e a s  i n  s p i t e  o f  th e  lo n g  c o n t in u e d  s u b j e c t i o n  t o  

e x c e s s  i r o n  i n  th e  c i r c u l a t i n g  b lo o d  and t i s s u e  f l u i d s  i s  v e r y  

s t r i k i n g .  I t  i s  c l e a r  t h a t  e x c e s s  o f  i r o n  a lo n e  d o es  n o t  as  

a r u l e  l e a d  t o  s t o r a g e  i n  th e  p a n c r e a t i c  c e l l s ,  and th e  

a d d i t i o n a l  f a c t o r  w h ich  p ro d u ces  t h i s  change i n  t h e  human 

s u b j e c t  r em a in s  u n d e te r m in e d .

The s p l e e n  has b e e n  fou n d  t o  r e t a i n  a c o n s i d e r a b l e  amount 

o f  i r o n  i n  t h e  p u lp  f o r  lo n g  p e r i o d s ;  i n  a d d i t i o n  a la r g e  

amount o f  i r o n  has  b e e n  fou n d  i n  th e  lym p hoid  f o l l i c l e s  i n  

th e  l a t e r  s t a g e s  o f  th e  e x p e r im e n t s .  A f t e r  h a e m o ly s is  

e x p e r i m e n t a l l y  prod u ced  and i n  human p a t h o lo g y  I r o n  s t o r a g e  

i n  th e  s p l e e n  p u lp  i s  a f r e q u e n t  f i n d i n g ,  b u t  th e  r e t i c u l u m  

c e l l s  o f  t h e  M a lp ig h ia n  b o d ie s  r a r e l y  p a r t i c i p a t e  I n  t h i s
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p r o c e s s .  The e x p l a n a t i o n  o f  t h i s  s u r p r i s i n g  f i n d i n g  w h ic h  

was common t o  a l l  th e  a n im a ls  s u r v i v i n g  more th a n  a  few  d ays  

i s  a t  p r e s e n t  o b s c u r e .  In  P o i s o n ’s e x p e r im e n ts  ( 1 9 2 9 ) ,  on  

th e  o t h e r  h a n d , th e  M a lp ig h ia n  b o d ie s  rem a in ed  f r e e  from  i r o n  

a l t h o u g h  t h e  p u lp  c o n t a in e d  a  la r g e  e x c e s s .  I t  i s  a l s o  

d i f f i c u l t  t o  a s s e s s  t h e  s i g n i f i c a n c e  o f  t h e  l a t e  p a r t i c i p a t i o n  

o f  t h e  s p l e n i c  s i n u s o i d  e n d o t h e l iu m  i n  i r o n  s t o r a g e ,  s i n c e  

t h e s e  c e l l s  h a v e  p r e v i o u s l y  b e e n  o b s e r v e d  t o  rem ain  r e l a t i v e l y  

u n a f f e c t e d  b y  s o l u b l e  v i t a l  s t a i n s .  T h is  w ould  seem  t o  be 

a n o t h e r  exam ple  o f  t h e  s e l e c t i v e  a f f i n i t y  p o s s e s s e d  b y  c e r t a i n  

e le m e n ts  o f  th e  r e t i c u l o - e n d o t h e l i a l  s y s t e m .

I r o n  s t o r a g e  i n  t h e  ly m p h a t ic  g la n d s  i n  a l l  s i t u a t i o n s  

was a l s o  a marked f e a t u r e  o f  t h e  lo n g e r  e x p e r im e n ts  w i t h  

s a c c h a r a t e d  o x id e  o f  i r o n .  S in c e  r e p e a t e d  I n tr a v e n o u s  

a d m i n i s t r a t i o n  o f  i r o n  ammonium c i t r a t e  a l s o  p ro d u ces  a 

s i m i l a r  w id e s p r e a d  d i s t r i b u t i o n  o f  i r o n  i n  th e  ly m p h a t ic  g la n d s  

i t  i s  d i f f i c u l t  t o  e x p l a i n  P o i s o n ’s r e s u l t s  u n l e s s  t h e y  a r e  

due t o  d i f f e r e n c e s  i n  t h e  a n im a l  s p e c i e s  e m p lo y e d .  The l i v e r ,  

s p l e e n  and lymph g la n d s  i n  t h e  mouse w ould th u s  a p p e a r  t o  be 

t h e  c h i e f  s t o r e h o u s e s  o f  e x c e s s  i r o n  n o t  I m m e d ia te ly  u t i l i s a b l e  

i n  m e ta b o l i s m ,  and i r o n  a p p ea r s  t o  be t r a n s f e r r e d  from  o th e r  

s i t e s  t o  t h e s e  o r g a n s .  The l i v e r  t a k e s  up t h e  g r e a t e s t  p a r t  

o f  t h e  i r o n  and r e t a i n s  i t  l o n g e s t ,  th e  maximum amount o f  

i n t r a h e p a t i c  i r o n  b e in g  r e a c h e d  a b o u t  f o u r  t o  s i x  months a f t e r
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t h e  l a s t  o f  a s e r i e s  o f  i n j e c t i o n s ;  t h e r e a f t e r  t h e  i r o n  

c o n t e n t  o f  t h e  l i v e r  c e l l s  s l o w l y  d e c l i n e s .

I t  h a s  lo n g  b e e n  known t h a t  i r o n  a b so r b e d  from  th e  

i n t e s t i n e  i s  s t o r e d  p r i n c i p a l l y  i n  t h e  l i v e r  and s p l e e n .

As Muir and Dunn ( 1 9 1 5 )  show ed a l s o ,  i r o n  l i b e r a t e d  from  th e  

d e s t r u c t i o n  o f  b lo o d  f o l l o w i n g  i n j e c t i o n s  o f  h a e m o ly t i c  serum  

i s  r e t a i n e d  i n  t h e  b o d y , b e i n g  s t o r e d  v e r y  r a p i d l y  i n  t h e  

l i v e r ,  s p l e e n  and  k i d n e y s .  They c o n s i d e r e d  t h a t  t h e  c h a r a c t e r  

o f  th e  i r o n  r e a c t i o n  shown b y  th e  l i v e r  and k id n e y  c e l l s  

d epend ed  on t h e  a b s o r p t i o n  o f  f r e e  h a e m o g lo b in  from  th e  b lo o d  

as c o n t r a s t e d  w i t h  t h a t  due t o  p h a g o c y t o s i s  o f  damaged 

c o r p u s c l e s  i n  t h e  K u p ffe r  c e l l s .  F u r t h e r ,  t h e y  o b se r v e d  

t h a t  s i d e r o s i s  o f  t h e  r e n a l  t u b u le  c e l l s  o c c u r r e d  i n  t h e  

a b s e n c e  o f  h a e m o g lo b in u r ia . Muir ( 1928 ) has s i n c e  fou n d  

t h a t  t h e  i n j e c t i o n  o f  h om ologous h a e m o g lo b in  f r e e  from  s tr o m a ta  

l e a d s  m e r e ly  t o  s i d e r o s i s  o f  t h e  k id n e y ;  u n d er  t h e s e  c o n 

d i t i o n s  t h e  l i v e r  parenchyma and t h e  r e t i c u l o - e n d o t h e l i a l  

c e l l s  g e n e r a l l y  d o  n o t  t a k e  up th e  f r e e  p igm ent a t  a l l ,  s o  

t h a t  no i r o n  s t o r a g e  i s  o b s e r v e d  i n  t h e  K u p ffe r  c e l l s  or 

h e p a t i c  c e l l s .  In  t h e  c a s e  o f  t h e  k id n e y  i t  i s  c l e a r  t h a t  

t h e  h a e m o g lo b in  i s  e x c r e t e d  i n  t h e  g lo m e r u la r  f i l t r a t e  and i s  

r e a b s o r b e d  i n  w h o le  or i n  p a r t  i n  t h e  t u b u le s  i n  whose c e l l s  

i t  i s  b ro k en  up w i t h  r e t e n t i o n  o f  th e  l i b e r a t e d  i r o n  i n  th e  

form  o f  haem0 8 i d e r i n .  I t  i s  p o s s i b l e ,  h o w e v e r ,  t h a t  th e
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h e p a t i c  c e l l s  p o s s e s s  no c a p a c i t y  t o  b r e a k  down h a e m o g lo b in .  

T h e ir  s i d e r o s i s  i n  h a e m o ly t i c  anaem ia  w ou ld  t h e n  be d u e ,  n o t  

t o  d i r e c t  a b s o r p t i o n  o f  h a e m o g lo b in ,  b u t  t o  t h e  s t o r a g e  o f  

i r o n  l i b e r a t e d  s e c o n d a r i l y  from  r e t i c u l o - e n d o t h e l i a l  c e l l s  

w h ich  had  i n g e s t e d  damaged c o r p u s c l e s  and b r o k e n  down t h e i r  

h a e m o g lo b in .  Muir and Dunn show ed f u r t h e r  t h a t  th e  i r o n  

d e p o s i t e d  i n  t h e  o rgan s  i n  h a e m o ly t i c  anaem ia was r a p i d l y  

u t i l i s e d  a s  new b lo o d  f o r m a t io n  p r o c e e d e d  b u t  t h e  manner in  

w h ich  t h e  i r o n  was t r a n s p o r t e d  from  t h e  s i t e s  o f  tem p o ra ry  

s t o r a g e  t o  th e  h a e m o p o ie t ic  organs  i n  w h ic h  i t  was a g a in  

b u i l t  up  i n t o  h a em o g lo b in  rem a in ed  o b s c u r e .  I n  my own e x p e r i 

m ents t h e  p r e s e n c e  o f  a  g r e a t  e x c e s s  o f  i r o n  i n  th e  o rgan s  

l e d  t o  a f l o o d i n g  o f  t h e  b lo o d  s tr e a m  w i t h  l o o s e l y  bound  

i r o n  i n  amounts l a r g e  enough t o  c a u se  t h e  b lo o d  and t i s s u e  

lymph t o  g i v e  a  d i s t i n c t  d i f f u s e  p r u s s i a n  b lu e  r e a c t i o n .

T his  w ou ld  s u g g e s t  t h a t  un der  norm al c o n d i t i o n s  i r o n  may be  

t r a n s p o r t e d  i n  t h e  form  o f  l o o s e  c o m b in a t io n  w i t h  t h e  p lasm a  

p r o t e i n s  b u t  s i n c e  th e  amounts p r e s e n t  a r e  s o  m in u te  t h e y  

c a n n o t  r e a d i l y  be d e m o n s tr a te d .

The p r e s e n c e  o f  i r o n  i n  t h e  e p i t h e l i u m  o f  t h e  duodenum 

and jejunum  i s  a l s o  s u r p r i s i n g .  Hochhaus and Q uincke (1 8 9 6 )  

and C l o e t t a  ( 1 9 0 0 )  o b s e r v e d  a  s l i g h t  d e g r e e  o f  i r o n  s t o r a g e  

i n  t h i s  s i t u a t i o n  i n  norm al g u in e a  p ig s  b u t  n o t  i n  m ic e .

They show ed t h a t  i r o n  g r a n u le s  c o u ld  r e a d i l y  be p ro d u ced  i n  

th e  d u o d e n a l  e p i t h e l i u m  o f  m ice  b y  f e e d i n g  w i t h  o r g a n ic  or
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in o r g a n i c  i r o n ,  and c o n c lu d e d  t h a t  s u c h  g r a n u le s  w ere  i n d i 

c a t i v e  o f  i r o n  a b s o r p t i o n .  These v ie w s  h ave  b een  g e n e r a l ly -  

a c c e p t e d .  I n  my e x p e r im e n ts  t h e  t r e a t e d  m ic e  show ed i r o n  

s t o r a g e  i n  t h e  d u o d e n a l  and  j e j u n a l  e p i t h e l i u m  o n ly  a f t e r  

ab ou t 30  d a y s  w h ereas  c o n t r o l  m ice  on a  s i m i l a r  d i e t  f a i l e d  

t o  show i r o n  g r a n u le s  i n  t h i s  s i t u a t i o n .  S in c e  a c o n s i d e r a b l e  

amount o f  i r o n  i s  e x c r e t e d  i n  t h e  f a e c e s  t h e  i r o n  c o n t e n t  o f  

th e  fo o d  o f  t h e  t r e a t e d  a n im a ls  m ig h t  be i n c r e a s e d  ow ing  t o  

c o n t a m in a t io n  b y  e x c r e t a .  I r o n  e x c r e t e d  i n  th e  s to m a ch  

w ould a l s o  p a s s  i n t o  t h e  s m a l l  b o w e l  and g i v e  r i s e  t o  a
*

s i m i l a r  a p p e a r a n c e .  Though no d e f i n i t e  e v i d e n c e  o f  i r o n  

e x c r e t i o n  s u c h  a s  i n t r a e p i t h e l i a l  i r o n  g r a n u le s  has  b e e n  fou n d  

i n  th e  g a s t r i c  m ucosa s u c h  e v id e n c e  i s  a l s o  l a c k i n g  i n  th e  

caecum and c o l o n  w h ich  a r e  g e n e r a l l y  a c c e p t e d  a s  th e  c h i e f  

s i t e s  o f  i r o n  e x c r e t i o n ,  and t h e r e f o r e  i r o n  e x c r e t i o n  b y  th e  

s to m a ch  c a n n o t  on t h i s  ground be d e n i e d .  F u r t h e r ,  o t h e r  

s u b s t a n c e s  s u c h  a s  m orphine a r e  known t o  be e x c r e t e d  i n  th e  

sto m a ch  and r e a b s o r b e d  i n  th e  i n t e s t i n e .  In  h a em o ch ro m a to s is  

th e  s to m a ch  i s  i n t e n s e l y  brown, and t h e  p ig m e n t a t io n  o f  th e  

mucosa i s  due l a r g e l y  t o  th e  p r e s e n c e  o f  i r o n .  I t  may be 

t h a t  t h i s  a c c u m u la t io n  i s  e v id e n c e  o f  a t t e m p t e d  i r o n  e x c r e t i o n  

b u t t h a t  ow ing  t o  th e  abnorm al a f f i n i t y  o f  t h e  t i s s u e s ,  th e  

i r o n  i s  f i x e d  and r e t a i n e d .  As r e g a r d s  t h e  e t i o l o g y  o f  

h a e m o c h r o m a to s is ,  t h e s e  e x p e r im e n ts  w ould seem  t o  b e a r  o u t
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th e  c o n t e n t i o n  o f  Muir and Dunn (1 9 1 5 )  t h a t  t h e  e s s e n t i a l  

f a c t o r  i n  t h i s  d i s e a s e  i s  t h e  f i x a t i o n  o f  i r o n  and t h a t  t h i s  

i s  th e  c a u se  and n o t  th e  r e s u l t  o f  d e c r e a s e d  e l i m i n a t i o n .

As t h e s e  w ork ers  s t a t e :  " in  h a em o c h r o m a to s is  t h e r e  a p p e a r s  

t o  be an i n c r e a s e d  a f f i n i t y  o f  th e  c e l l s  f o r  i r o n  w h ic h  l e a d s  

t o  i t s  f i x a t i o n  o v e r  a lo n g  p e r io d  o f  t i m e ,  th o u g h  we c a n n o t  

e x p l a i n  hov; t h i s  i s  b r o u g h t  a b o u t ."

In  th e  p r e s e n t  s e r i e s  o f  a n im a ls  th e  t i s s u e s  have f o r  

l o n g  p e r io d s  b e e n  o v e r lo a d e d  w i t h  I r o n  f a r  i n  e x c e s s  o f  t h e i r  

c a p a c i t y  f o r  im m ed iate  e l i m i n a t i o n ,  y e t  n o t h in g  a n a lo g o u s  t o  

t h e  l e s i o n s  o f  h a em och rom atos is  has  b een  o b s e r v e d .  The 

t i s s u e s  seem  t o  d e a l  w i t h  a  g r e a t  e x c e s s  o f  I r o n  n o t  d e r i v e d  

from b lo o d  d e s t r u c t i o n  j u s t  a s  t h e y  do v / i t h  th e  i r o n  r e s u l t i n g  

from  i n c r e a s e d  h a e m o ly s i s  and no i l l  e f f e c t s  f o l l o w  th e  

p r e s e n c e  o f  marked e x c e s s  i n  t h e  t i s s u e s .  The r o l e  o f  cop p er  

and o t h e r  h e a v y  m e t a l s  i n  p r o d u c in g  f i x a t i o n  o f  i r o n  i n  th e  

t i s s u e s  i s  n o t  y e t  p r o v e n ,  and can  o n ly  be  s e t t l e d  b y  f u r t h e r  

i n v e s t i g a t i o n .
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IV. The n a t u r e  o f  t h e  n orm al l i n i n g  o f  t h e  pu lm onary  a l v e o l i ,  

and t h e  o r i g i n  o f  t h e  a l v e o l a r  p h a g o c y t e s  i n  t h e  l i g h t  

o f  v i t a l  and s u p r a v i t a l  s t a i n i n g .

The s t r u c t u r e  o f  th e  norm al a lv e o la r  l i n i n g .

V i t a l  s t a i n in g  o f  th e  no rm al lu n g .

S u p r a v i t a l  s t a i n in g  o f  th e  norm al lu n g .

E x p e r im e n ta l i n v e s t ig a t io n s  on th e  o r i g i n  o f
th e  a lv e o la r  p h a g o c y te s .

( a )  a n t h r a c o s i s  p r o d u c e d  b y  i n h a l a t i o n  o f  
a  s o o t y  a t m o s p h e r e .

( b )  p u l m o n a r y  i r r i t a t i o n  p r o d u c e d  b y  i n t r a t r a c h e a l  
i n j e c t i o n  o f  s a l i n e  s u s p e n s i o n s  o f  i n s o l u b l e  p a r t i o l . e s .

( c )  i n t r a t r a c h e a l  i n j e c t i o n  o f  s o l u b l e  d y e s ;
n e u t r a l  r e d ;  
t r y p a n  b l u e .

( d )  t h e  r o l e  o f  t h e  m o n o c y t e s  : a r e  t h e  a l v e o l a r
p h a g o c y t e s  d e r i v e d  f r o m  m o n o c y t e s  ?

D is c u s s io n  and Summary.



231

The f o l l o w i n g  s t u d y  d e a l s  w i t h  t h e  b e h a v io u r  o f  t h e  lu n g s  

t o  v i t a l  and  s u p r a v i t a l  s t a i n i n g  Tinder norm al and  p a t h o l o g i c a l  

c o n d i t i o n s .  T h is  i n v o l v e s  a  d i s c u s s i o n  o f  d i s p u t e d  q u e s t i o n s  

c o n c e r n in g  t h e  n a t u r e  o f  t h e  l i n i n g  o f  t h e  pu lm onary  a l v e o l i  

and t h e  s o u r c e  o f  t h e  Md u s t  c e l l s . "  The o r i g i n  o f  t h e  l a r g e  

m o n o n u c le a r  p h a g o c y t e s  w h ic h  s e r v e  t o  rem ove from  t h e  a i r  

p a s s a g e s  and pu lm onary  a l v e o l i  f o r e i g n  p a r t i c l e s  w h ic h  h ave  

g a in e d  e n t r a n c e  t h e r e t o  h a s  p ro v o k ed  d i s c u s s i o n  and  c o n t r o v e r s y  

f o r  o v e r  h a l f  a  c e n t u r y .  Some o f  t h e  e a r l y  i n v e s t i g a t o r s  

( S l a v j a n s k i  1 8 6 9 ,  M e t c h n ik o f f  190.5; b e l i e v e d  t h a t  t h e s e  c e l l s  

w ere  d e r i v e d  from  th e -  c i r c u l a t i n g  m o n o n u c le a r  l e u c o c y t e s  o f  

th e  b lo o d  o r  m o n o c y t e s ,  and  t h i s  v ie w  h a s  r e c e n t l y  b e e n  a g a in  

u p h e ld  b y  F o o t  (1 9 2 7 )  on t h e  e v id e n c e  s u p p l i e d  b y  s u p r a v i t a l  

s t u d i e s  w i t h  n i l e  b lu e  s u lp h a t e  and b y  a s i l v e r  im p r e g n a t io n  

m ethod a l l e g e d  t o  g i v 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  t h e  m o n o cy tes  

O ther w o r k e rs  ( T c h i s t o v i t c h  1 8 8 9 ,  H erxh eim er  1 9 0 3 ,  B r i s c o e  1 9 0 8 )  

a t t r i b u t e d  t h e i r  s o u r c e  t o  th e  a l v e o l a r  e p i t h e l i a l  c e l l s ,  and  

t h i s  h a s  a g a in  b een  s t r o n g l y  s u p p o r t e d  b y  S e w e l l  (1 9 1 8 )

W esthues  ( 1 9 2 2 ,  1 9 2 5 )  F .  G ro ss  (1 9 2 7 )  C a r le t o n  ( 1 9 2 7 )  and o t h e r s  

W ith in  r e c e n t  y e a r s  i t  h a s  b e e n  a l l e g e d ,  c h i e f l y  b y  A m erican  

w r i t e r s  (H a y t h o m  1 9 1 3 ,  Permar 1 9 2 0 ,  F o o t  1 9 2 0 ) ,  t h a t  t h e  s o u r c e  

o f  t h e s e  c e l l s  i s  t h e  e n d o th e l iu m  o f  t h e  i n t e r a l v e o l a r  c a p i l 

l a r i e s  . The h i s t i o c y t i c  n a t u r e  o f  t h e  a l v e o l a r  p h a g o c y t e s
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h a s  b e e n  a d v o c a t e d  b y  K iyon o  (1 9 1 4 )  Lang ( 1 9 2 5 )  P o l i c a r d  (1 9 2 6 )  

F r i e d  (1 9 2 7 )  and G ardner and  S m ith  ( 1 9 2 7 ) .  In  a  p r e l i m i n a r y  

com m u n ica tion  (1 9 2 3 )  I  p r e s e n t e d  e v i d e n c e  i n  s u p p o r t  o f  t h e  

e p i t h e l i a l  o r i g i n  o f  t h e  " d u s t  c e l l s " ;  t h e  p r e s e n t  s t u d y  b a s e d  

on f u r t h e r  e x p e r im e n t a l  work c o n f ir m s  and e x t e n d s  t h e  c o n c l u s i o n  

t h a t  u n d e r  c o n d i t i o n s  o f  m i l d  s t i m u l a t i o n ,  s u c h  a s  r e s u l t  n o r m a l

l y  from t h e  I n h a l a t i o n  o f  p a r t i c u l a t e  m a t t e r ,  t h e  c e l l s  w h ich  

become f r e e  in  t h e  a l v e o l i  and i n g e s t  t h e  f o r e i g n  p a r t i c l e s  a r e  

d e r iv e d  a lm o s t  e x c l u s i v e l y  from t h e  r e s p i r a t o r y  e p i t h e l i u m .

The s t r u c t u r e  o f  t h e  n orm al a l v e o l a r  l i n i n g .

In  o r d e r  t o  u n d e r s ta n d  t h e  p r e s e n t  p o s i t i o n  o f  t h e  c o n t r o 

v e r s y  i t  i s  n e c e s s a r y  t o  g i v e  a b r i e f  a c c o u n t  o f  c u r r e n t  v ie w s  

on t h e  s t r u c t u r e  o f  t h e  a l v e o l a r  l i n i n g  and  o f  t h e  e x p e r im e n t a l  

m eth ods b y  w h ich  t h e  prob lem s h a v e  b een  s t u d i e d .  I t  was f i r s t  

s u g g e s t e d  b y  K t t l l ik e r  (1 8 8 1 )  t h a t  t h e  a l v e o l a r  l i n i n g  was 

com posed o f  two t y p e s  o f  c e l l ,  s m a l l  c u b i c a l  n u c l e a t e d  c e l l s  and  

l a r g e  f l a t  n o n - n u c l e a t e d  squames . T h is  v ie w  h a s  s i n c e  b een  

s u p p o r t e d  b y  many w r i t e r s  and  a p p ea r s  t o  b e  g e n e r a l l y  a c c e p t e d  

( s e e  Ogawa 1 9 2 0 ,  and t h e  d e s c r i p t i o n s  and f i g u r e s  b y  Stfthr  1 9 1 5 ,  

and B a i l e y  1925  i n  t h e i r  t e x t b o o k s  o f  h i s t o l o g y ) .  A c c o r d in g  

t o  t h i s  v ie w  t h e  a l v e o l a r  l i n i n g  i s  b e l i e v e d  t o  c o n s i s t  o f  two  

t y p e s  o f  c e l l  ( a )  s m a l l  c u b o id a l  g r a n u la r  l i p o i d - c o n t a i n i n g  

c e l l s  w h ic h  occu p y  c h i e f l y  t h e  i n t e r c a p i l l a r y  s p a c e s  and  w h i le
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n o t  s t r i c t l y  c o n f in e d  t o  t h e  a l v e o l a r  a n g l e s  a r e  m o s t  f r e q u e n t 

l y  m et w i t h  i n  t h i s  s i t u a t i o n ;  a  s m a l l  p a r t  o f  t h e i r  p r o t o 

p lasm  I n t e r d i g i t a t e s  w i t h  t h e  p r o c e s s e s  o f  t h e  o t h e r  c e l l s  o f  

t h e  l i n i n g .  T h ese  e le m e n t s  have r e c e n t l y  b e e n  d e s i g n a t e d  

" s e p t a l  c e l l s "  (Lang 1 9 2 5 ) .  ( b )  Large f l a t t e n e d  n o n - n u c l e a t e d

p l a t e s  a r e  a l l e g e d  t o  form  t h e  g r e a t e r  p a r t  o f  th e  a l v e o l a r  

l i n i n g ;  t h e s e  p l a t e s  a r e  s a i d  t o  c o v e r  t h e  c a p i l l a r i e s  and 

so m etim es  t o  c o v e r  t h e  i n t e r c a p i l l a r y  s p a c e s  a l s o ,  a t  l e a s t  on  

one s i d e .  Some w r i t e r s  (F o o t  1 9 2 0 ,  S t e w a r t  1 9 2 3 )  a l l e g e  t h a t  

t h e r e  i s ,  i n  a d d i t i o n  t o  t h e  ab ove  tw o k in d s  o f  c e l l ,  a  t h i r d  

v a r i e t y  w h ich  r e p r e s e n t s  a  t r a n s i t i o n a l  fo r m . A c c o r d in g  t o  

my own o b s e r v a t i o n s  a l s o ,  t h i s  t r a n s i t i o n a l  form  i s  r e p r e s e n t e d  

by ( c )  f l a t t e n e d  n u c l e a t e d  c e l l s  v e r y  c l o s e l y  a p p l i e d  t o  th e  

c a p i l l a r y  w a l l s  and s e p a r a t e d  from  t h e  l a t t e r  o n l y  b y  t h e  

r e t i c u l a r  and e l a s t i c  f i b r i l s .  T h ese  c e l l s  p o s s e s s  f l a t t e n e d  

p r o t o p la s m ic  p r o c e s s e s  w h ic h  j o i n  w i t h  t h o s e  from  s i m i l a r  c e l l s  

and w i t h  t h e  n o n - n u c le a t e d  p l a t e s . Most w r i t e r s  who have  

s t u d i e d  t h e  r e s p i r a t o r y  e p i t h e l i u m  h ave  rem arked on t h e  d i f f i 

c u l t y  or i m p o s s i b i l i t y  o f  s e p a r a t i n g  th e  n o n - n u c l e a t e d  squames  

b y  m a c e r a t io n  or  b y  t e a s i n g  or s c r a p in g  t h e  c u t  s u r f a c e  o f  

t h e  lu n g .  P ro b a b ly  t h e  number and im p o rta n ce  o f  t h e s e  n o n -  

n u c le a t e d  squames has b e e n  o v er  e s t i m a t e d ,  and w h i l e  I  am n o t  

p r e p a r ed  t o  d en y  t h e i r  e x i s t e n c e  I  b e l i e v e  t h a t  t h e y  form  a 

r e l a t i v e l y  i n c o n s i d e r a b l e  p a r t  o f  t h e  a l v e o l a r  l i n i n g .  The
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l a t t e r  i s  com posed c h i e f l y  o f  n u c l e a t e d  c e l l s ,  t h e  m a j o r i t y  

o f  w h ic h  a r e  s t r e t c h e d  and f l a t t e n e d  on t h e  a l v e o l a r  w a l l s .

When t h e  lu n g  i s  i n  i t s  norm al c o n d i t i o n  o f  e x p a n s i o n ,  t h e s e  

c e l l s  a r e  k e p t  s t r e t c h e d  and a r e  d i f f i c u l t  t o  r e c o g n i s e ,  s o  

i n t i m a t e l y  a r e  t h e y  a p p l i e d  t o  t h e  a l v e o l a r  w a l l s ,  b u t  in  

c o l l a p s e  o f  t h e  lu n g  t h e y  become more c o n s p ic u o u s  and  r e s e m b le  

c l o s e l y  t h e  c u b o id a l  n u c l e a t e d  c e l l s  o f  t h e  i n t e r c a p i l l a r y  

s p a c e s .  When a t t e m p t s  a r e  made t o  d i s s o c i a t e  t h e  squames b y  

m a c e r a t io n  o r  b y  s c r a p in g  t h e  lu n g  s u r f a c e ,  t h e  d i s s o l u t i o n  o f  

t h e  i n t e r c e l l u l a r  cem ent s u b s t a n c e  b y  r e l e a s i n g  t h e  t e n s i o n  

a l l o w s  t h e s e  c e l l s  t o  r e t r a c t ,  s o  t h a t  th e  - f r e e  e le m e n t s  no  

l o n g e r  a p p e a r  a s  f l a t t e n e d  p l a t e s  t u t  s h r in k  s u p e r f i c i a l l y ,  g a i n 

in g  a t  t h e  same t im e  i n  t h i c k n e s s .  We b e l i e v e  t h a t  a s i m i l a r  

change can  b e  o b s e r v e d  i n  t h e  s e p a r a t i o n  o f  t h e s e  c e l l s  u n d er  

p a t h o l o g i c a l  c o n d i t i o n s .  M i l l e r  ( 1 9 2 3 ,  1 9 2 8 )  h o ld s  s i m i l a r  

v ie w s  on t h e  s t r u c t u r e  o f  th e  r e s p i r a t o r y  e p i t h e l i u m  and  

d e s c r i b e s  f l a t t e n e d  n u c l e a t e d  c e l l s ,  t h e  d e sq u a m a tio n  o f  w h ic h  

i n t o  t h e  a i r  s p a c e s  i n  pneumonia l e a d s  t o  t h e  f o r m a t io n  o f  

a l v e o l a r  p o r e s .  In  p l a c e s ,  h o w e v e r ,  t h e  n u c l e i  o f  t h e s e  

f l a t t e n e d  c e l l s  a p p e a r  t o  d e g e n e r a t e ,  l o s i n g  t h e i r  s t a i n i n g  

c a p a c i t y  i n  f i x e d  p r e p a r a t i o n s ;  i n  t h i s  way n o n - n u c l e a t e d  p l a t e s  

may be fo rm ed , b u t  t h e y  do n o t  c o n s t i t u t e  t h e  m ajor  p a r t  o f  t h e  

a l v e o l a r  l i n i n g .  G ra n e l  (1 9 1 9 )  F a u re '-F rem ie t  (1 9 2 0 )  and o t h e r s  

h ave  shown t h a t  t h e  c u b o id a l  n u c l e a t e d  c e l l s  o f  t h e  a l v e o l a r
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l i n i n g  a r e  r i c h  i n  l i p o i d s ,  and t h u s  f r e q u e n t l y  p r e s e n t  a 

v a c u o l a t e d  a p p e a r a n c e  i n  p a r a f f i n  s e c t i o n s .  S t e w a r t  ( 1 9 2 3 ) ,  

c o n f ir m in g  t h e i r  f i n d i n g s ,  s u g g e s t s  t h a t  t h e s e  l i p o i d - c o n t a i n i n g  

c e l l s  may p l a y  a p a r t  i n  r e l a t i o n  t o  l i p o i d  m e t a b o l i s m  g e n e r 

a l l y .

S t r i k i n g  c o r r o b o r a t i o n  o f  t h e  e p i t h e l i a l  n a t u r e  o f  t h e  

l i n i n g  c e l l s  o f  t h e  a i r  s p a c e s  i s  a f f o r d e d  b y  t h e  r e c e n t  work  

o f  Young (1 9 2 8 )  who fo u n d  rem ark ab le  p r o l i f e r a t i v e  ch a n g e s  i n  

t h e  m a r g in a l  a l v e o l i  a f t e r  i n t r a p l e u r a l  i n j e c t i o n  o f  c e r t a i n  

s u b s t a n c e s ,  e . g .  c a lc iu m  s a l t s .  On t h e  s u b p l e u r a l  p o r t i o n  o f  

t h e  a l v e o l a r  w a l l  t h e  f l a t t e n e d  l i n i n g  was r a p i d l y  r e p l a c e d  b y  

a l a y e r  o f  c u b i c a l  o r  co lum n ar c e l l s  i n  w h ic h  a c t i v e  p r o l i f e r a 

t i v e  ch a n g es  w ere  s e e n .  A lon g  t h e  l a t e r a l  w a l l s  t h e s e  c u b i c a l  

c e l l s  p a s s e d  b y  g r a d u a l  t r a n s i t i o n s  i n t o  t h e  norm al f l a t t e n e d  

l i n i n g .  In  Young*s p r e p a r a t io n s  i t  i s  p o s s i b l e  d u r in g  t h e  

e a r l i e s t ,  s t a g e  o f  t h e  r e a c t i o n  t o  f o l l o w  c l e a r l y  t h e  s w e l l i n g  

and r a p id  p r o l i f e r a t i o n  o f  t h e  norm al f l a t t e n e d  n u c l e a t e d  c e l l s ,  

b u t  n o  t r a c e  o f  t h e  n o n - n u c l e a t e d  squam es ca n  be d e t e c t e d .

S e e in g  t h a t  t h i s  p r o c e s s  o f  m e t a p l a s i a  s t a r t s  i n  t h e  a l v e o l i  

u n d er  t h e  p l e u r a ,  t h e r e  i s  n o  p o s s i b i l i t y  t h a t  i t  can  b e  due t o  

a downgrowth o f  e p i t h e l i u m  from t h e  t e r m in a l  b r o n c h i o l e s  a s  

Lang (1 9 2 5 )  s u g g e s t e d  t o  a c c o u n t  f o r  t h e  o b v io u s  e p i t h e l i a l  

l a y e r s  s e e n  i n  p a r t i a l l y  c o l l a p s e d  a l v e o l i  u n d e r  p a t h o l o g i c a l  

c o n d i t i o n s .  E q u a l ly  s t r i k i n g  p r o l i f e r a t i v e  ch a n g es  w ere  fou n d
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in  t h e  s e r o s a l  m e s o t h e l iu m ,  b u t  t h i s  d o e s  n o t  i n v a l i d a t e  th e  

e v id e n c e  i n  f a v o u r  o f  t h e  e p i t h e l i a l  n a t u r e  o f  t h e  a l v e o l a r  

l i n i n g  c e l l s .  I t  i s  now g e n e r a l l y  a c c e p t e d  t h a t  s e r o s a l  c e l l s  

a re  much more c l o s e l y  a k in  t o  e p i t h e l i u m  t h a n  o t h e r  mesenchyme  

d e r i v a t i v e s  s i n c e ,  t o g e t h e r  w i t h  t h e  r e n a l  and t u b o - u t e r i n e  

e p i t h e l i u m ,  s e r o s a l  c e l l s  o r i g i n a t e  e m b r y o l o g i c a l l y  i n  t h e  

mesenchyme o f  t h e  i n t e r m e d ia t e  c e l l  m a ss .  My own e x p e r im e n t s  

on in f la m m a to r y  e x u d a t e s  i n  s e r o u s  s a c s  a r e  i n  a g reem en t w i t h  

t h e  v ie w  t h a t  s e r o s a l  c e l l s  a r e  h i g h l y  d i f f e r e n t i a t e d  and do  

n o t  g i v e  r i s e  t o  p h a g o c y t i c  c e l l s  t o  a n y  c o n s i d e r a b l e  e x t e n t .

Most w r i t e r s  a g r e e  t h a t  th e  n o n - n u c l e a t e d  squames and th e  

c u b o id a l  n u c l e a t e d  c e l l s  a r e  s e p a r a t e  e l e m e n t s ,  and t h a t  th e  

p l a t e s  a r e  n o t  m e r e ly  f l a n g e s  or p r o c e s s e s  o f  th e  n u c l e a t e d  c e l l s ,  

b u t th e  o c c u r r e n c e  o f  t r a n s i t i o n s  b e tw e e n  t h e s e  two t y p e s  i n  t h e  

norm al lu n g  i s  n o t  g e n e r a l l y  a c c e p t e d .

R e c e n t l y  v e r y  n o v e l  v ie w s  h a v e  b e e n  a d van ced  b y  P o l i c a r d  

(1 9 2 6 )  who c la im s  t h a t  th e  e p i t h e l i a l  l i n i n g  o f  t h e  a i r  s p a c e s  

u n d e rg o e s  d e g e n e r a t i o n  d u r in g  t h e  l a t t e r  p a r t  o f  i n t r a - u t e r i n e  

l i f e ,  and t h a t  a new l i n i n g  i s  f u r n i s h e d  b y  t h e  mesenchyme  

c e l l s  o f  t h e  lu n g  s tr o m a . A c c o r d in g  t o  t h i s  t h e o r y  t h e  a i r  

s p a c e s  come t o  be  l i n e d  s e c o n d a r i l y  b y  m esenchym al c e l l s  o f  

h i s t i o c y t e  ty p e  w h ic h  p rodu ce  f i n e  p r o t o p la s m ic  e x t e n s i o n s  t o  

c o v e r  th e  a l v e o l a r  s u r f a c e  w h i l e  th e  c e l l  body and n u c le u s  l i e  

i n  t h e  i n t e r c a p i l l a r y  s p a c e s .  The squames a re  th e n  s a i d  t o  

be mere p r o c e s s e s  o f  th e  h i s t i o c y t e s ,  and t h e  " d u st  c e l l s "
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d e r i v e d  from t h e  a l v e o l a r  l i n i n g  a r e  th u s  b r o u g h t  i n t o  l i n e  

w it h  t h e  o t h e r  p h a g o c y t ic  c e l l s  o f  t h e  b od y  and a r e  o f  m e se n 

chym al o r i g i n .  R ose ( 1 9 2 8 )  c l a i m s  t h a t  e m b r y o l o g i c a l l y  t h e  

lu n g  i s  o f  d u a l i s t i c  o r i g i n ,  t h e  b r o n c h i  b e in g  d e v e lo p e d  from  

endoderm and th e  a l v e o l i  from  mesenchyme i n t o  w h ic h  t h e  b r o n c h i  

grow . He r e g a r d s  t h e  s e p t a l  c e l l s  a s  m esen ch ym al h i s t i o c y t e s ,  

and s t a t e s  t h a t  he  was u n a b le  t o  r e c o g n i s e  an y  e p i t h e l i a l  

l i n i n g  on t h e  a l v e o l a r  w a l l s  i n  n orm al o r  p a t h o l o g i c a l  c o n d i t i o n s  

e i t h e r  i n  man o r  lo w e r  a n im a l s .  W h ile  s u c h  v ie w s  may be  

t h e o r e t i c a l l y  a c c e p t a b l e  a s  r e g a r d s  t h e  r o l e  o f  t h e  c u b o i d a l  

c e l l s  i n  g i v i n g  r i s e  t o  p h a g o c y t e s  i n  t h e  a l v e o l i ,  t h e y  ta k e  

no a c c o u n t  o f  th e  s t r i k i n g  e p i t h e l i u m - l i k e  p r o l i f e r a t i o n s  w h ich  

th e  a l v e o l a r  l i n i n g  u n d e r g o e s  i n  many p a t h o l o g i c a l  c o n d i t i o n s ,  

e . g .  i n  Y o u n g 's  e x p e r im e n ts  (1 9 2 8 )  and i n  " j a g z i e k t e "  d i s e a s e  

o f  s h e ep  (Cowdry 1 9 2 5 ) .  T here i s  no e v id e n c e  t h a t  h i s t i o c y t e s  

e v e r  p r o l i f e r a t e  t o  form  a c o n t in u o u s  l a y e r  o f  c u b i c a l  or  

colum nar e p i t h e l i u m - l i k e  c e l l s  a s  a r e s u l t  o f  s i n g l e  o r  r e p e a t e d  

s t i m u l i .  A c c o r d in g ly  th e  b a la n c e  o f  e v id e n c e  w ould  a p p ea r  t o  

be a g a i n s t  t h e  v ie w s  o f  P o l i c a r d  and R o se .

V i t a l  s t a i n i n g  o f  th e  norm al l u n g .

I t  i s  im p o s s ib l e  i n  a l a r g e  c i t y  t o  o b t a in  a n im a ls  w hose  

lu n g s  do n o t  show a t  l e a s t  a t r a c e  o f  a n t h r a c o s i s .  M ice a r e  

l e s s  o b j e c t i o n a b l e  th a n  l a r g e r  a n im a ls  i n  t h i s  r e s p e c t ,  a s  t h e y
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can  be o b t a in e d  o f  f a i r l y  u n ifo r m  s i z e  and w e i g h t  a t  an e a r l y  

a g e .  I  h ave  g e n e r a l l y  em ployed  i n  t h i s  work m ice  o f  a b o u t  

2 0  grm s. w e ig h t  and a s  u s u a l  t h e  d o s e  o f  v i t a l  s t a i n  h a s  b e e n  

c a l c u l a t e d  on t h i s  b a s i s .  I f  a mouse r e c e i v e  a  s u b c u t a n e o u s  

i n j e c t i o n  o f  t r y p a n  b l u e ,  1 c . c .  o f  a 0 * 5  p e r  c e n t ,  s o l u t i o n  

p er  2 0  grm s. w e i g h t ,  t h e  lu n g s  a f t e r  48  h o u r s  a r e  o f  norm al  

p in k  c o l o u r ,  o n l y  t h e  w a l l s  o f  t h e  b r o n c h i  and v e s s e l s  b e in g  

s t a i n e d  b l u e .  T h is  c o l o r a t i o n  i s  due p a r t l y  t o  t h e  p r e s e n c e  

o f  v i t a l l y  s t a i n e d  h i s t i o c y t e s  i n  t h e  i n t e r s t i t i a l  t i s s u e  

( f i g .  73 ) and p a r t l y  t o  d i f f u s e  s t a i n i n g  o f  t h e  e l a s t i c  and  

c o n n e c t i v e  t i s s u e s .  The lu n g  parenchym a shows p r a c t i c a l l y  

no s t a i n i n g  o f  any o f  th e  c o n s t i t u e n t  c e l l u l a r  e l e m e n t s .  A f t e r  

a s e r i e s  o f  i n j e c t i o n s  p r o d u c in g  i n t e n s e  v i t a l  s t a i n i n g  o f  t h e  

su b c u ta n e o u s  t i s s u e  and o t h e r  o r g a n s ,  t h e  lu n g  s u b s ta n c e  

becomes o f  f a i n t  b lu e  c o l o u r .  The h i s t i o c y t e s  o f  i n t e r s t i t i a l  

t i s s u e  a r e  a s  u s u a l  d e e p l y  s t a i n e d ;  i n  a d d i t i o n  one ca n  f i n d  

h e r e  and t h e r e  m in u te  b lu e  g r a n u le s  i n  t h e  a l v e o l a r  w a l l s  w h ic h  

som etim es  a r e  d e f i n i t e l y  w i t h i n  t h e  f l a t t e n e d  n u c l e a t e d  c e l l s  

and c u b o id a l  c e l l s  o f  th e  a l v e o l a r  e p i t h e l i u m ,  b u t  f r e q u e n t l y  

t h e i r  e x a c t  s i t u a t i o n  c a n n o t  be  d e te r m in e d  ow ing t o  t h e  e x trem e  

t e n u i t y  o f  th e  l i n i n g .  O c c a s i o n a l l y  c u b o i d a l  c e l l s  more 

d e e p l y  s t a i n e d  a r e  found e s p e c i a l l y  i n  t h e  a l v e o l a r  a n g l e s ;  

t h e s e  a r e  more rounded th an  th e  m a j o r i t y  and u s u a l l y  c o n t a i n  

in  a d d i t i o n  g r a n u le s  o f  n a t u r a l l y  o c c u r r in g  ca rb o n  p igm en t  

( f i g s *74, 77 )•  Most o f  t h e  f r e e  " d u st  c e l l s "  h o w e v e r ,  do
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n o t  e x h i b i t  any v i t a l l y  s t a i n e d  g r a n u l e s .  The p r e s e n c e  o f  

m in u te  d y e  d e p o s i t s  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  a l v e o l i  i s  

n o t  a u n iq u e  o c c u r r e n c e ,  s i n c e  a s  h a s  b e e n  a l r e a d y  p o i n t e d  o u t  

e p i t h e l i u m  i n  many o r g a n s ,  e . g .  s u p r a r e n a l  c o r t e x ,  c h o r o id  

p l e x u s ,  e t c .  u s u a l l y  c o n t a i n s  s m a l l  d y e  g r a n u l e s  i n  s i m i l a r  

c o n d i t i o n s  o f  i n t e n s e  a d m i n i s t r a t i o n .  Even in  v e r y  h e a v i l y  

s t a i n e d  b u t  o t h e r w is e  norm al a n im a l s ,  t h e  a l v e o l a r  e p i t h e l i a l  

dye d e p o s i t s  r a r e l y  a t t a i n  an y  c o n s i d e r a b l e  s i z e ,  th u s  d i f f e r i n g  

s h a r p ly  from th e  d e p o s i t s  i n  t h e  c e l l s  o f  t h e  r e t i c u l o - e n d o t h e l i a l  

s y s te m .  The b e h a v io u r  o f  t h e  a l v e o l a r  c e l l s  u n d er  c o n d i t i o n s  

o f  s t i m u l a t i o n  w i l l  be  d i s c u s s e d  l a t e r .  In h e a v i l y  s t a i n e d  

a n im a ls  th e  m ost s t r i k i n g  f e a t u r e  i n  s e c t i o n s  o f  t h e  lu n g  i s  t h e  

o c c u r r e n c e  i n  th e  lu n g  c a p i l l a r i e s  o f  l a r g e  v i t a l l y  s t a i n e d  

m on on u clear  c e l l s  and m a sse s  o f  d y e  g r a n u le s  ( f i g s .  72,74 ) .

The n a t u r e  o f  t h e  l a t t e r  can  f r e q u e n t l y  b e  made o u t b y  s e r i a l  

s e c t i o n s  s i n c e  t h e y  a r e  c o n t in u o u s  w i t h  t h e  c y to p la s m  o f  v i t a l l y  

s t a i n e d  c e l l s .  T hese  a r e  th e  desquam ated  c e l l s  from  t h e  

r e t i c u l o - e n d o t h e l i a l  sy s te m  p r e v i o u s l y  d e s c r i b e d  a s  " b lo o d  

h i s t i o c y t e s "  ( p . 91 ) w h ic h  h ave  b e e n  c a r r i e d  t o  t h e  lu n g s

b u t  have f a i l e d  t o  p a s s  th ro u g h  t h e  i n t e r a l v e o l a r  c a p i l l a r i e s  

w here t h e y  form  s m a l l  e m b o l i  (K iy o n o  1 9 1 4 ,  W e n t z la f f  1 9 2 4 ) .

I t  i s  g e n e r a l l y  b e l i e v e d  t h a t  m ost o f  t h e s e  desq u am ated  r e t i c u l o 

e n d o t h e l i a l  c e l l s  d i s i n t e g r a t e  i n  t h e  lu n g  c a p i l l a r i e s  and t h i s  

i s  born e  o u t b y  th e  o c c u r r e n c e  o f  m a sse s  o f  s t a i n  w i t h  no
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r e l a t e d  c e l l  b o d y .  The f a t e  o f  t h e s e  c e l l s  and t h e i r  c o n 

t a i n e d  f o r e i g n  m a t e r i a l  w i l l  b e  f u r t h e r  c o n s i d e r e d  b e lo w .

O th er  s o l u b l e  v i t a l  s t a i n s  o f  g rou p  ( a )  h a v e  y i e l d e d  

s i m i l a r  r e s u l t s .  W ith  d y e s  o f  g rou p  ( b )  t h e r e  i s  u s u a l l y  no  

e v id e n c e  o f  v i t a l  s t a i n i n g  i n  t h e  a l v e o l a r  e p i t h e l i u m  b u t  th e  

h i s t i o c y t e s  o f  t h e  i n t e r s t i t i a l  t i s s u e  around t h e  b r o n c h i  and 

v e s s e l s  c o n t a i n  v i t a l l y  s t a i n e d  g r a n u l e s ,  and b lo o d  h i s t i o c y t e s  

a re  fo u n d  i n  th e  c a p i l l a r i e s .  I t  i s  im p o r ta n t  t o  n o t e  t h a t  

d y e s  o f  grou p  ( b )  e . g .  i s a m in e  b l u e ,  te n d  t o  f l o c c u l a t e  in  

c o n t a c t  w i t h  t h e  b lo o d  p lasm a ( s e e  p .  24 ) and i f  i n j e c t e d  

i n t r a v e n o u s l y  i n  s t r e n g t h s  o v e r  0*5 p er  c e n t ,  u s u a l l y  p rod u ce  

r a p id  d e a t h  from  em b olism . Even w ea k er  s o l u t i o n s  o f  i s a m in e  

b l u e ,  e . g .  0*4 p e r  c e n t . ,  so m etim es  g i v e  r i s e  t o  s m a l l  f l o c c u l i  

b u t  w i t h o u t  c a u s in g  d e a t h .  T h ese  a r e  rem oved m e c h a n i c a l l y  b y  

t h e  lu n g  c a p i l l a r i e s ,  and c o n s t i t u t e  a s e r i o u s  s o u r c e  o f  e r r o r  

in  i n t e r p r e t i n g  t h e  a p p e a r a n c e s ,  s i n c e  t h e y  a r e  l i a b l e  t o  be  

m is ta k e n  f o r  t r u e  v i t a l  s t a i n i n g  in  th e  a l v e o l a r  w a l l s .  Permar  

( 1 9 2 0 )  u se d  t h i s  d ye  b y  th e  in t r a v e n o u s  r o u t e  and p o s s i b l y  some 

o f  th e  r e s u l t s  d e s c r i b e d  a r e  due t o  th e  f a c t o r  j u s t  m e n t io n e d .

In g u i n e a - p i g s  and r a b b i t s  s i m i l a r  a p p e a r a n c e s  a r e  met w i t h ,  

bu t c e r t a i n  d i f f e r e n c e s '  have b een  n o t e d .  In g u i n e a - p i g s  s m a l l  

haem orrhages i n  t h e  lu n g s  a r e  n o t  uncommon, and o c c a s i o n a l l y  

a r e a s  o f  c h r o n ic  in f la m m a to r y  r e a c t i o n  a r e  fo u n d  i n  t h e  i n t e r 

s t i t i a l  t i s s u e ;  t h e s e  f e a t u r e s  a r e  known t o  b e  o f  f r e q u e n t
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o c c u r r e n c e  among s t o c k  a n im a ls  (Branham 1 9 2 2 ) .  The amount o f  

lym p hoid  t i s s u e  i n  t h e  lu n g s  o f  g u i n e a - p i g s  i s  a l s o  v e r y  v a r i a b l e ;  

in  som e, l a r g e  p e r i b r o n c h i a l  s h e a t h s  a r e  p r e s e n t ,  i n  o t h e r s  s u c h  

e le m e n t s  a r e  s c a n t y .  As Seeman ( 1 9 2 5 )  p o i n t e d  o u t ,  t h e  lu n g s  

o f  g u i n e a - p i g s  n o r m a l ly  c o n t a i n  a  c o n s i d e r a b l e  number o f  

g r a n u la r  l e u c o c y t e s ,  and a s  h a s  b e e n  n o t e d  p r e v i o u s l y  (p .1 2 4  )

t h e s e  c e l l s  e x h i b i t  w e l l -m a r k e d  v i t a l  s t a i n i n g  o f  t h e i r  s p e c i f i c  

g r a n u le s  when t h e  a n im a ls  a r e  k i l l e d  w i t h  abu ndan t d y e  i n  t h e  

plasm a ( f i g s .  74,77 ) .  At l o n g e r  i n t e r v a l s  a f t e r  i n j e c t i o n

t h i s  g r a n u la r  s t a i n i n g  d i s a p p e a r s .  I t  h a s  a l s o  b e e n  o b s e r v e d  

t h a t ,  i f  t h e  b lo o d  i s  t a k e n  i n t o  c i t r a t e  s a l i n e  and t h e  l e u c o 

c y t e s  c o n c e n t r a t e d  b y  c e n t r i f u g i n g ,  f i l m s  from  t h e  s u r f a c e  l a y e r  

show no v i t a l  s t a i n i n g  o f  th e  n e u t r o p h i l e  and e o s i n o p h i l e  

l e u c o c y t e  g r a n u le s  a l t h o u g h  su c h  s t a i n i n g  i s  s u b s e q u e n t ly  found  

in  s e c t i o n s  o f  t h e  f i x e d  t i s s u e s  o f  t h e  same a n im a l .  I t  w ould  

ap p ea r  t h a t  i n  th e  d im in i s h e d  c o n c e n t r a t i o n  o f  d y e  i n  th e  b lo o d  

c i t r a t e  m ix t u r e  t h e  s t a i n  may be  w ashed  o u t o f  t h e  l e u c o c y t e  

g r a n u l e s ,  j u s t  a s  i t  d i s a p p e a r s  when t h e  c o n c e n t r a t i o n  o f  dye  

i n  th e  p lasm a  f a l l s  owing t o  e x c r e t i o n .  I t  i s  a l s o  p o s s i b l e  

t h a t  t h e  s t a i n i n g  i s  an a g o n a l  phenomenon o c c u r r in g  d u r in g  c e l l  

d e a t h  i n  th e  p r e s e n c e  o f  much f r e e  d ye  (G r o ss  1 9 1 1 ) ,  b u t  a g a i n s t  

t h i s  h y p o t h e s i s  i s  t h e  o b s e r v a t i o n  t h a t  l e u c o c y t e s  w i t h  s t a i n e d  

g r a n u le s  a re  som etim es  fou n d  i n  t h e  a l v e o l i .  A c c o r d in g  t o  

S ie n g a l e w ic z  and C la r k  (1 9 2 5 )  t r y p a n  b lu e  d o e s  n o t  p a s s  r e a d i l y
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i n t o  t h e  f l u i d  o f  e x u d a t e s  i n  s e r o u s  s a c s ,  b u t  my o b s e r v a t i o n s  

r e n d e r  i t  d o u b t f u l  i f  t h i s  s t a t e m e n t  i s  a lw a y s  t r u e  f o r  th e  

pulm onary a l v e o l i .  S e w e l l  ( 1 9 1 8 )  a l s o  n o t e d  s t a i n i n g  o f  th e  

s p e c i f i c  g r a n u l e s  o f  l e u c o c y t e s  i n  t h e  lu n g  w i t h  t r y p a n  b l u e ,  

and s t a t e d  t h a t  t h i s  was l e s s  p ron ou n ced  i n  a n im a ls  k i l l e d  a t  

lo n g e r  i n t e r v a l s  a f t e r  i n j e c t i o n  o f  th e  d y e .  In a d d i t i o n  t h e r e  

i s  a l s o  a  l a r g e r  amount o f  t r u e  v i t a l  s t a i n i n g  i n  t h e  c e l l s  o f  

t h e  a l v e o l a r  l i n i n g  th a n  i n  m ice  s i m i l a r l y  t r e a t e d .  h i  r a b b i t s  

v i t a l  s t a i n i n g  o f  t h e  g r a n u la r  l e u c o c y t e s  h a s  n o t  b e e n  o b s e r v e d  

in  t h e  p r e s e n t  e x p e r im e n t s ;  i n  t h e s e  a n im a ls  t o o ,  v i t a l  s t a i n 

in g  in  t h e  a l v e o l a r  l i n i n g  i s  more p ron ou n ced  th a n  in  m ic e .

In b o th  r a b b i t s  and g u i n e a - p i g s  t h e  d i f f i c u l t i e s  a l r e a d y  n o t e d  

in  m ice  a r i s e  i n  i n t e r p r e t i n g  th e  a p p e a r a n c e s ,  and i t  i s  f r e 

q u e n t ly  n o t  p o s s i b l e  t o  d e c i d e  i n  w h ic h  c e l l s  f i n e  b l u e  g r a n u l e s  

a r e  s i t u a t e d .

I t  has r e c e n t l y  b e e n  s u g g e s t e d  t h a t  t h e  c u b o i d a l  c e l l s  o f  

t h e  a l v e o l a r  w a l l s  a r e  n o t  o f  e p i t h e l i a l  n a t u r e  b u t  a r e  e x t r a -  

v a s c u l a r  m esenchym al h i s t i o c y t e s .  Lang 1 ( 1 9 2 6 )  on t h e  b a s i s  

o f  t i s s u e  c u l t u r e  e x p e r im e n ts  t r a c e s  t h e  o r i g i n  o f  th e  mono

n u c le a r  p h a g o c y t e s  o f  th e  a l v e o l i  t o  t h e s e  c e l l s  w h ic h  he  

d e s i g n a t e s  " s e p t a l  c e l l s "  and w h ic h  he r e g a r d s  a s  h i s t i o c y t e s  

b e c a u s e  t h e y  p o s s e s s  p h a g o c y t ic  p r o p e r t i e s .  C a r le t o n  2 ( 1 9 2 7 )  

u s i n g  t h e  same m ethods h a s  c r i t i c i s e d  L a n g 's  v ie w s  and p o i n t s  

o u t t h a t  a l t h o u g h  t h e  a l v e o l a r  l i n i n g  c e l l s  grow o u t  and become
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a c t i v e l y  p h a g o c y t i c  i n  v i t r o  t h i s  a l o n e  c a n n o t  he  a c c e p t e d  a s  

p r o o f  o f  t h e i r  h i s t i o c y t i c  n a t u r e  s i n c e  t h e i r  b e h a v io u r  i n  o t h e r  

r e s p e c t s  conform s t o  t h a t  o f  e p i t h e l i a l  c e l l s .  In  my o p i n i o n  

a l s o  t h e  e v i d e n c e  i s  c o m p l e t e l y  o p p o se d  t o  L a n g ’s v i e w .  That 

t h e s e  c e l l s  f a i l  t o  r e a c t  t o  v i t a l  s t a i n s  i n  t h e  c i r c u l a t i n g  

b lo o d  e x c e p t  i n  c o n d i t i o n s  o f  v e r y  i n t e n s e  a d m i n i s t r a t i o n  i s  

s u f f i c i e n t  t o  shov/ t h a t  t h e y  a r e  n o t  o r d in a r y  h i s t i o c y t e s .  

F u r t h e r ,  i t  c a n n o t  r e a s o n a b l y  b e  s u g g e s t e d  t h a t  t h e y  a r e  p r im i 

t i v e  mesenchyme c e l l s  s u c h  a s  t h o s e  i n  t h e  omentum w h ic h  a r e  

c a p a b le  o f  d e v e l o p i n g  i n t o  h i s t i o c y t e s  upon s t i m u l a t i o n ,  s i n c e  

in  v a r io u s  p a t h o l o g i c a l  c o n d i t i o n s  t h e  a l v e o l a r  l i n i n g  c e l l s  

g i v e  r i s e  t o  a  c o m p le te  l a y e r  o f  e p i t h e l i u m - l i k e  c e l l s  around  

th e  a l v e o l a r  w a l l s  a s  p r e v i o u s l y  m e n t io n e d .

I  c o n s i d e r  t h a t  t h e  s m a l l  i n t r a c e l l u l a r  dye g r a n u le s  o f  t h e  

c u b o id a l  n u c l e a t e d  c e l l s  o b s e r v e d  i n  some a n im a ls  a f t e r  v e r y  

i n t e n s e  a d m i n i s t r a t i o n  o f  v i t a l  s t a i n s  a r e  a n a la g o u s  t o  t h o s e  o f  

th e  h e p a t i c ,  s u p r a r e n a l ,  p i t u i t a r y  and o t h e r  g la n d u l a r  c e l l s ,  

and c a n n o t  t h e r e f o r e  b e  r eg a r d e d  a s  p r o o f  o f  t h e  h i s t i o c y t i c  

n a tu r e  o f  t h e  s t a i n e d  e l e m e n t s .  The s u b s e q u e n t  b e h a v io u r  o f  

t h e s e  c e l l s  a f t e r  s t i m u l a t i o n  c a n n o t  be  ad d u ced  a s  e v i d e n c e  i n  

fa v o u r  o f  s u c h  a  h y p o t h e s i s ;  t h e  im p o r ta n t  p o i n t  w h ic h  c o n c e r n s  

u s h ere  i s  t h a t  t h e  a l v e o l a r  l i n i n g  c e l l s  w h i l e  i n  s i t u  e x h i b i t  

none o f  t h e  s p e c i f i c  p r o p e r t i e s  b y  w h ic h  h i s t i o c y t e s  may be  

i d e n t i f i e d ,  and c o n t r a s t  s t r i k i n g l y  i n  t h e i r  b e h a v io u r  w i t h  th e
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t r u e  h i s t i o c y t e s  o f  t h e  i n t e r s t i t i a l  t i s s u e  aro u n d  th e  b r o n c h i  

and v e s s e l s .

The in t r a v e n o u s  i n j e c t i o n  o f  I n d ia  in k  l e a d s  t o  a  v a r y i n g  

amount o f  d e p o s i t i o n  i n  t h e  lu n g s  a c c o r d i n g  t o  t h e  d i l u t i o n  o f  

t h e  i n k  and t h e  r a t e  o f  a d m i n i s t r a t i o n  ( s e e  p . 27 ) •  In  a l l

c a s e s  a  c e r t a i n  amount o f  c a rb o n  i s  d e p o s i t e d  d u r in g  t h e  f i r s t  

few h o u rs  a f t e r  i n j e c t i o n  ( W is lo c k l  1 9 2 4 ) .  As m e n t io n e d  

p r e v i o u s l y  t h e r e  i s  a t  f i r s t  a g e n e r a l  p r e c i p i t a t i o n  o f  c a rb o n  

on t h e  c a p i l l a r y  w a l l s  i n  a l l  s i t u a t i o n s ,  b u t  e s p e c i a l l y  i n  

th e  l u n g s .  T h is  p r e c i p i t a t e d  c a rb o n  i s  c l e a r l y  e x t r a c e l l u l a r *  

( f i g .  70 ) ,  and l a t e r  ( a f t e r  24 h o u r s )  t h e  g r e a t e r  p a r t  o f  th e  

d e p o s i t  may h ave  b e e n  w ash ed  away and  th e  c a p i l l a r i e s  a r e  th e n  

p r a c t i c a l l y  f r e e  from  p ig m e n t .  I  h ave  n o t  o b s e r v e d  d e f i n i t e  

p h a g o c y t o s i s  on th e  p a r t  o f  t h e  c a p i l l a r y  e n d o t h e l iu m .  As 

d e s c r i b e d  i n  c o n n e c t i o n  w i t h  th e  e f f e c t  o f  s u s p e n s o i d s  on th e  

b lo o d  c e l l s  ( s e e  p .  96 ) i n k - s t o r i n g  l e u c o c y t e s  t e n d  t o  accumu

l a t e  i n  t h e  pulm onary c a p i l l a r i e s ,  w here t h e y  a r e  r e t a i n e d  f o r  

some h o u rs  a t  l e a s t .  D u r in g  t h i s  p e r io d  t h e y  may become 

f l a t t e n e d  and  c l o s e l y  a p p l i e d  t o  t h e  e n d o t h e l iu m ;  t h e y  have  

th u s  f r e q u e n t l y  b een  m is t a k e n  f o r  p h a g o c y t i c  e n d o t h e l i a l  c e l l s  

(F o o t  1 9 2 7 ) .  L a te r  t h e y  d i s a p p e a r  from  t h e  l u n g s ,  and t h e i r  

s u b s e q u e n t  f a t e  h a s  a l r e a d y  b e e n  d i s c u s s e d  ( p . 95 ) .  At lo n g e r

i n t e r v a l s  a f t e r  i n j e c t i o n ,  i . e .  from  24 h ou rs  onw ards , t h e  lu n g  

c a p i l l a r i e s  c o n t a i n  an i n c r e a s i n g  number o f  h e a v i l y  3 t a i n e d
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c e l l s ,  th e  b l o o d  h i s t i o c y t e s  a l r e a d y  m e n t io n e d  ( f i g .  7 4 ) .

The n u c l e a t e d  c e l l s  o f  t h e  a l v e o l a r  e p i t h e l i u m  r em a in  f r e e  

from  in k  a t  a l l  t i m e s ,  b u t  c a r e  m ust be  t a k e n  n o t  t o  c o n f u s e  

a p p e a r a n c e s  due t o  n a t u r a l l y  o c c u r r i n g  a n t h r a c o s i s .  W ith  o t h e r  

s u s p e n s o id s  t h i s  d i f f i c u l t y  d o e s  n o t  a r i s e ,  and  i t  may be  

d e f i n i t e l y  s t a t e d  t h a t  s u s p e n s o i d  s u b s t a n c e s  d o  n o t  g a i n  e n t r a n c e  

t o  t h e  a l v e o l a r  e p i t h e l i u m  d i r e c t l y .

A f t e r  in t r a v e n o u s  i n j e c t i o n  s a c c h a r a t e d  o x id e  o f  i r o n  i s  

n o t  u s u a l l y  p r e c i p i t a t e d  i n  c o n t a c t  w i t h  th e  b l o o d ,  and th e  

m a s s iv e  c a p i l l a r y  c o a t i n g  and  em b olism  s e e n  a f t e r  I n d ia  in k  i s  

t h e r e f o r e  a b s e n t .  The c o l o u r  o f  i n t r a c e l l u l a r  i r o n  d o e s  n o t  

mask c e l l  s t r u c t u r e  a s  d o es  c a r b o n ,  and when t h e  P r u s s i a n  b lu e  

r e a c t i o n  i s  d e v e lo p e d  t h e  p r e s e n c e  o f  e v e n  s m a l l  am ounts o f  

i r o n  ca n  b e  r e c o g n i s e d .  Oxide o f  i r o n  has t h e  f u r t h e r  a d v a n 

ta g e  t h a t  i t  i s  l e s s  l i a b l e  t o  be  c o n f u s e d  w i t h  n a t u r a l l y  

o c c u r r in g  p ig m e n t .  As p r e v i o u s l y  m e n t io n e d  ( p .  97  ) th e

p e r c e n t a g e  o f  v i t a l l y  s t a i n e d  m o n o cy tes  i s  h ig h e r  th a n  a f t e r  

I n d ia  in k  ( f i g . 71 ) ;  s a c c h a r a t e d  o x id e  o f  i r o n  h a s  t h e r e f o r e  

s e v e r a l  a d v a n ta g e s  a s  a v i t a l  s t a i n  t o  d i s t i n g u i s h  m o n o cy tes  

i n  t h e  lu n g  t i s s u e .  The f a c t  t h a t  a l t h o u g h  s a c c h a r a t e d  o x id e  

o f  i r o n  a t  f i r s t  b e h a v e s  l i k e  a n y  o t h e r  i n s o l u b l e  s u s p e n s o i d  

b u t  t h a t  i t  l a t e r  u n d e r g o e s  ch a n g es  w hich  r e s u l t  i n  t h e  l i b e r a 

t i o n  o f  a s o l u b l e  i r o n  p r o d u ct  i n t o  t h e  b lo o d  p lasm a  may be 

a d v a n t a g e o u s ly  em ployed  f o r  s t u d y in g  th e  f a t e  o f  m a t e r i a l s
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d e p o s i t e d  i n  t h e  lu n g s  b y  th e  b lo o d  h i s t i o c y t e s .  T h is  p r o c e s s  

o f  m o b i l i s a t i o n  o f  i r o n  i n  s o l u b l e  form  i s  w e l l  m arked a b o u t  

10 days a f t e r  th e  commencement o f  a s e r i e s  o f  i n j e c t i o n s  o f  

i r o n .  The s o l u b l e  i r o n  d i f f u s e s  t h r o u g h  th e  c a p i l l a r y  w a l l s ,  

and i s  t h e n  s t o r e d  i n  th e  p e r i b r o n c h i a l  h i s t i o c y t e s ,  th e  c y t o 

plasm  o f  w h ic h  t h u s  g i v e  a  p r u s s i a n  b l u e  r e a c t i o n  w h ic h  a t  t h i s  

t im e  i s  d i f f u s e  b u t  s e v e r a l  w eek s l a t e r  b ecom es f i n e l y  g r a n u l a r .  

Ir o n  s t o r i n g  h i s t i o c y t e s  p e r s i s t  i n  t h e  i n t e r s t i t i a l  t i s s u e  i n  

t h i s  s i t u a t i o n  lo n g  a f t e r  i r o n - c o n t a i n i n g  b lo o d  h i s t i o c y t e s  

have c e a s e d  t o  be fo u n d  i n  t h e  c a p i l l a r i e s ;  t h i s  i s  d i s c u s s e d  

l a t e r .  The a l v e o l a r  e p i t h e l i u m  may a l s o  g i v e  a d i f f u s e  i r o n  

r e a c t i o n  and t h i s  i s  e s p e c i a l l y  t h e  c a s e  i n  c e l l s  i n  t h e  

n e ig h b o u rh o o d  o f  im p a cted  i r o n - c o n t a i n i n g  h i s t i o c y t e s ,  and  

p a r t i c u l a r l y  w here t h e  e p i t h e l i u m  i s  i n  a c o n d i t i o n  o f  s t i m u l a 

t i o n  from  commencing i n g e s t i o n  o f  i n h a l e d  d u s t  ( f i g .  72 ) .

Thus i t  comes a b o u t  t h a t  a  p r o p o r t io n  o f  t h e  " d u s t  c e l l s "  a l s o  

g i v e  th e  i r o n  r e a c t i o n .  The i r o n  i n  th e  e p i t h e l i u m  and d u s t  

c e l l s  assu m es t h e  g r a n u la r  form  a t  a much l a t e r  d a t e  th a n  t h a t  

i n  th e  e x t r a v a s c u l a r  h i s t i o c y t e s .  A s i m i l a r  s e q u e n c e  o f  e v e n t s  

has b een  o b s e r v e d  a f t e r  in t r a v e n o u s  i n j e c t i o n  o f  b e n z o p u r p u r in  

u s e d  a s  a  s u s p e n s o i d  w h ich  i s  ta k e n  up b y  t h e  c e l l s  a s  s u c h  and  

t h e r e a f t e r  s l o w l y  p a s s e s  i n t o  a s o l u b l e  form  ( s e e  p . 32 ) .

Hence l o c a l i s e d  s t a i n i n g  o f  t h e  a l v e o l a r  c e l l s  a d j a c e n t  t o  

im p acted  d y e - l a d e n  b lo o d  h i s t i o c y t e s  o c c u r s .  W ith  more r e a d i l y
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s o l u b l e  d y e s  s u c h  a s  t r y p a n  b l u e ,  on t h e  o t h e r  h a n d ,  t h i s  

l o c a l i s e d  s t a i n i n g  i s  n o t  s o  p ro m in en t  a  f e a t u r e ;  p o s s i b l y  

ow ing  t o  t h e  g r e a t e r  s o l u b i l i t y  o f  t h i s  d y e  t h e  r e m a in s  o f  

d i s i n t e g r a t e d  c e l l s  a r e  rem oved  more r e a d i l y .

S u p r a v i t a l  s t a i n i n g  o f  t h e  n o rm a l l u n g .

The g e n e r a l  m ethods o f  s u p r a v i t a l  s t a i n i n g  h ave  a l r e a d y  

b een  d e s c r i b e d  ( p .  34 ) .  The r e a c t i o n  o f  t h e  pu lm onary  c e l l s  

t o  n e u t r a l  r e d  may be  i n v e s t i g a t e d  i n  a v a r i e t y  o f  w a y s .  

Im m e d ia te ly  a f t e r  t h e  d e a t h  o f  t h e  a n im a l  t h e  lu n g  t i s s u e  may 

be s c r a p e d  or t e a s e d  i n  s a l i n e  c o n t a i n i n g  t h e  dye i n  a p p r o p r ia t e  

c o n c e n t r a t i o n  ( 1 / 2 0 , 0 0 0  t o  1 / 1 0 0 , 0 0 0 )  or t h e  lu n g s  may be  

d i s t e n d e d  b y  i n j e c t i n g  a  s i m i l a r  s o l u t i o n  th r o u g h  t h e  t r a c h e a ;  

p o r t io n s  a r e  t h e n  f i x e d  f o r  s e c t i o n i n g  w h i l e  o t h e r s  a r e  s c r a p e d  

or t e a s e d  i n  t h e  same f l u i d  and exam ined  f r e s h .  I t  i s  a l s o  

p o s s i b l e  t o  p rodu ce  a lm o s t  im m ed ia te  v i t a l  s t a i n i n g  o f  t h e  c e l l s  

b y  i n j e c t i n g  i n t r a v e n o u s l y  0*5 c . c .  o f  a  1 p e r  c e n t ,  s o l u t i o n  

o f  t h e  dye i n  d i s t i l l e d  w a te r  ( i t  i s  i n s o l u b l e  i n  s a l i n e  i n  t h i s  

c o n c e n t r a t i o n ) ; b u t  t h e  t i s s u e  must be ex a m in ed  w i t h i n  a  few  

m in u te s  s i n c e  t h e  dye i s  r a p i d l y  d e c o l o r i s e d  b y  t h e  a c t i o n  o f  

t h e  l i v i n g  t i s s u e s .

In  t e a s e d  or s c r a p e d  p r e p a r a t io n s  o f  t h e  lu n g  s t a i n e d  

s u p r a v i t a l l y  w i t h  n e u t r a l  r e d ,  v a r io u s  t y p e s  o f  c e l l s  can be 

d i s t i n g u i s h e d .  G ran u lar  l e u c o c y t e s  a r e  f r e q u e n t l y  p r e s e n t  i n
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c o n s i d e r a b l e  numbers e s p e c i a l l y  i n  g u i n e a - p i g s ,  and  t h e i r  

s p e c i f i c  g r a n u le s  become d e f i n i t e l y  s t a i n e d .  The e n d o t h e l i a l  

c e l l s  o f  th e  b lo o d  c a p i l l a r i e s  and t h e  e p i t h e l i a l  c e l l s  o f  th e  

b r o n c h i a l  m ucosa a l s o  e x h i b i t  t i n y  s c a t t e r e d  o r a n g e - r e d  g r a n u l e s .  

Some o f  t h e  d u s t  c e l l s  show abundant n e u t r a l  r e d  g r a n u le s  and  

v a c u o le s  i n  a d d i t i o n  t o  t h e i r  i n g e s t e d  c a r b o n ,  b u t  o t h e r s  a r e  

p r a c t i c a l l y  f r e e  from  t h e  d y e .  The e p i t h e l i a l  c e l l s  o f  t h e  

a l v e o l a r  l i n i n g  a r e  d e t a c h e d  d u r in g  t h e  p r e p a r a t i o n  o f  th e  

sp e c im e n ,  and t h e  f l a t t e n e d  n u c l e a t e d  squames u n d e r g o  t h e  s h r i n k 

age  w i t h  i n c r e a s e  o f  t h i c k n e s s  a l r e a d y  r e f e r r e d  t o ;  t h e y  a r e  

th e n  d i f f i c u l t  t o  d i s t i n g u i s h  from  th e  c u b o i d a l  c e l l s .  The 

p r o to p la sm  o f  t h e  l a t t e r  o f t e n  c o n t a i n s  s m a l l  r e f r a c t i l e  d r o p l e t s  

w hich  may be s o  abu ndan t a s  t o  f i l l  t h e  c y to p la s m ;  t h e s e  a r e  

u s u a l l y  p r e s e n t  b u t  a r e  l e s s  numerous i n  t h e  f l a t t e n e d  c e l l s .

The n a tu r e  o f  t h e s e  d r o p l e t s  i s  o b s c u r e ;  t h e y  a r e  d i s t i n c t l y  

more r e f r a c t i l e  th a n  t h e  g r a n u le s  and v a c u o l e s  o f  t h e  s e g r e g a t i o n  

a p p a ra tu s  o f  h i s t i o c y t e s .  In  t h e  h i g h  d i l u t i o n s  o f  n e u t r a l  

r e d  u s e d  f o r  s u p r a v i t a l  s t a i n i n g  t h e i r  c o l o r a t i o n  i s  f e e b l e  b u t  

i n  th e  h ig h e r  c o n c e n t r a t i o n s  ( 1 / 1 0 , 0 0 0  t o  1 /1 0 0 0 )  t h e y  s t a i n  

more d e e p ly  b u t  p r e s e n t  a  homogenous c h a r a c t e r  w i t h o u t  th e  more 

i n t e n s e l y  s t a i n e d  g r a n u le s  s e e n  i n  t h e  s e g r e g a t i o n - a p p a r a t u s  o f  

h i s t i o c y t e s .  A f t e r  f i x a t i o n  t h e y  a r e  s a i d  t o  s t a i n  w i t h  n i l e  

b lu e  s u l p h a t e ,  n e u t r a l  r e d  and o t h e r  f a t  s t a i n 3 ,  and t h e y  a r e  

b la c k e n e d  b y  osm ic  a c i d  (S te w a r t  1 9 2 3 ) .  In  c o n t r a s t  w i t h  th e



249

g r a n u le s  o f  h i s t i o c y t e s  t h e y  p e r s i s t  a s  f r e e  g l o b u l e s  when th e  

c e l l s  a re  d i s i n t e g r a t e d  b y  c r u s h i n g ,  and when i n  t h e  f r e e  s t a t e  

t h e y  r e t a i n  t h e i r  a f f i n i t y  f o r  n e u t r a l  r e d .  In  my e x p e r i e n c e  

r u p tu r e  o f  h i s t i o c y t e s  s t a i n e d  w i t h  n e u t r a l  r e d  l e a d s  t o  r a p id  

b la n c h in g  and d is a p p e a r a n c e  o f  t h e  s t a i n e d  g r a n u l e s ;  S a b in  and  

h e r  c o -w o r k e r s  (1 9 2 5 )  h ave  a l s o  o b s e r v e d  t h i s  phenom enon. I t  i s  

n o t  p o s s i b l e ,  h o w e v e r ,  t o  d i f f e r e n t i a t e  c l e a r l y  th e  two t y p e s  o f  

i n t r a c e l l u l a r  g r a n u le s  s t a i n e d  w i t h  n e u t r a l  r e d  i n  th e  c y t o p la s m  

o f  i n t a c t  c e l l s .  A c c o r d in g  t o  McMaster and  Elman (1 9 2 8 )  th e  

s t a i n e d  g r a n u le s  w h ic h  a p p ea r  i n  t h e  c y t o p la s m  o f  t h e  r e n a l  

e p i t h e l i a l  c e l l s  a f t e r  a d m i n i s t r a t i o n  o f  l i t m u s  ca n  a l s o  be  

e x p r e s s e d  from  t h e  c e l l s  and a p p ea r  t o  b e  com posed o f  a f a i r l y  

s t i f f  g e l - l i k e  m a t e r i a l .  The e v i d e n c e  on t h e  w h o le  s u g g e s t s  

t h a t  th e  r e f r a c t i l e  d r o p l e t s  a r e  o f  l i p o i d  n a t u r e  and  f o r  t h i s  

r e a s o n  th e  c u b o id a l  n u c l e a t e d  c e l l s  a r e  r e f e r r e d  t o  b y  G ra n e l  

( 1 9 1 9 ) ,  F au re '-F rem iet  (1 9 2 0 )  and o t h e r  F r e n c h  w r i t e r s  a s  " l e s  

c e l l u l e s  Na g r a i s s e . "  I t  i s  t h e r e f o r e  c l e a r  t h a t  t h e  n e u t r a l  

r ed  r e a c t i o n  o f  t h e  a l v e o l a r  l i n i n g  c e l l s  i s  n o t  o f  t h e  same 

n a tu r e  a s  t h a t  o f  h i s t i o c y t e s .  As h a s  b e e n  p o in t e d  o u t  ( p . 178 ) 

i t  i s  q u e s t i o n a b l e  w h e th e r  th e  m echanism  o f  v i t a l  s t a i n i n g  i s  

th e  same i n  e p i t h e l i a l  c e l l s  a s  i n  t h o s e  o f  t h e  r e t i c u l o 

e n d o t h e l i a l  s y s t e m .

Permanent p r e p a r a t io n s  o f  s u p r a v i t a l l y  s t a i n e d  t i s s u e s  may 

be o b t a in e d  b y  f i x a t i o n  i n  t h e  a l k a l i n e  Z e n k e r - fo r m o l  m ix tu r e  o f
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Gardner and S m ith  ( 1 9 2 7 )  f o l l o w e d  b y  r a p i d  d e h y d r a t i o n  i n  

m ix t u r e s  o f  a l c o h o l  and b e n z o l .  E ven w i t h  t h i s  m eth od  t h e r e  

i s  a c e r t a i n  amount o f  d i f f u s i o n  o f  t h e  d y e ,  a n d  t h e  r e s u l t s  

on t h e  w h ole  a re  n o t  v e r y  s a t i s f a c t o r y .  I n  s e c t i o n s  o f  lu n g s  

f i x e d  10 t o  2 0  m in u te s  a f t e r  I n tr a v e n o u s  i n j e c t i o n  o f  n e u t r a l  

r e d ,  th e  d u s t  c e l l s  f r e e  i n  t h e  a l v e o l i  a r e  u s u a l l y  u n s t a i n e d  

b u t t h o s e  c l o s e l y  a p p l i e d  t o  th e  a l v e o l a r  w a l l s  e x h i b i t  

s c a t t e r e d  n e u t r a l  r ed  g r a n u le s  o f  v a r y i n g  s i z e .  The h i s t i o c y t e s  

o f  t h e  i n t e r s t i t i a l  t i s s u e  around th e  v e s s e l s  and  b r o n c h i  

e x h i b i t  t h e  e x t e n s i v e  n e u t r a l  r e d  g r a n u l a t i o n  o f  s u c h  c e l l s  

e l s e w h e r e ,  and t h e  l e u c o c y t e s  show s t a i n i n g  o f  t h e i r  s p e c i f i c  

g r a n u le s  a s  p r e v i o u s l y  d e s c r i b e d .  The r e a c t i o n  o f  t h e  a l v e o l a r  

l i n i n g  c e l l s  t o  n e u t r a l  r e d  a d m i n i s t e r e d  b y  th e  in t r a v e n o u s  

r o u te  c o n s i s t s  i n  th e  a p p ea r a n c e  w i t h i n  b o t h  c u b o i d a l  and  

f l a t t e n e d  c e l l s  o f  a v a r i a b l e  number o f  s t a i n e d  g r a n u le s  u s u a l l y  

o f  s m a l l  s i z e j  i n  t h e  fo r m e r  a  few  l a r g e r  g l o b u l e s  may a l s o  be  

p r e s e n t .  T h ese  n e u t r a l  r e d  g r a n u le s  a r e  fo u n d  i n  a  g r e a t e r  

p r o p o r t io n  o f  t h e  l i n i n g  c e l l s  and  a r e  more numerous th a n  a r e  

tr y p a n  b lu e  g r a n u le s  a f t e r  e v e n  th e  m ost i n t e n s e  a d m i n i s t r a t i o n .  

They a r e  n o t  i d e n t i c a l  w i t h  t h e  r e f r a c t i l e  d r o p l e t s  p r e v i o u s l y  

d e s c r i b e d ,  s i n c e  t h e  l a t t e r  a r e  d i s s o l v e d  o u t  i n  t h e  p a r a f f i n  

p r o c e s s  .

As r e g a r d s  t h e  s i g n i f i c a n c e  o f  n e u t r a l  r e d  s t a i n i n g  and  

i t s  r e l a t i o n  t o  t r u e  v i t a l  s t a i n i n g  i t  h a s  b e e n  p r e v i o u s l y
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em p h a s ise d  t h a t  n e u t r a l  r e d  s t a i n s  g r a n u le s  and  o t h e r  s t r u c t u r e s  

i n  many c e l l s  w h ic h  f a i l  t o  s t o r e  t h e  a c i d  d i s - a z o  d y e s .  The 

r e s u l t s  o b t a in e d  w i t h  t h e  fo r m e r  a r e  t h e r e f o r e  l e s s  s p e c i f i c  

th a n  w i t h  t h e  l a t t e r  c l a s s .  I n  s u p p o r t  o f  t h i s  i t  may be 

m e n t io n e d  t h a t  i n  m ice  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  n e u t r a l  r e d  

th e  h e p a t i c  c e l l s  w h ic h  i n  t h i s  a n im a l  n e v e r  s t o r e  t r y p a n  b l u e  

c o n t a i n  n e u t r a l  r e d  g r a n u le s  i n  much g r e a t e r  abundance th a n  

d oes  t h e  a l v e o l a r  e p i t h e l i u m .  A c c o r d i n g l y  t h e  p r e s e n c e  o f  

s m a l l  n e u t r a l  r e d  g r a n u le s  i n  th e  l a t t e r  c e l l s  i s  n o t  p r o o f  o f  

t h e i r  h i s t i o c y t i c  n a t u r e .  The e f f e c t  o f  i n t r a t r a c h e a l  i n j e c 

t i o n  o f  n e u t r a l  r e d  w i l l  b e  c o n s i d e r e d  l a t e r  ( p .  266 )•

E x p e r im e n ta l  i n v e s t i g a t i o n s  on t h e  o r i g i n  o f  th e  

a l v e o l a r  p h a g o c y t e s .

B e fo r e  p r o c e e d in g  t o  c o n s i d e r  t h e  r e s u l t s  o f  e x p e r i m e n t a l  

s t u d i e s  on t h e  o r i g i n  o f  t h e  a l v e o l a r  p h a g o c y t e s  i n  c o n d i t i o n s  

o f  m i l d  s t i m u l a t i o n  in d u c e d  b y  t h e  i n h a l a t i o n  o f  smoke o r  b y  

th e  i n t r a t r a c h e a l  i n j e c t i o n  o f  i n s o l u b l e  p a r t i c u l a t e  m a t t e r ,  

i t  i s  c o n v e n ie n t  t o  s t a t e  a t  t h i s  p o i n t  c e r t a i n  g e n e r a l  c o n c lu 

s i o n s  w h ich  I  have r e a c h e d  and w h ic h  form  a  b a s i s  f o r  th e  

e x p e r im e n t a l  u s e  o f  i n t r a v i t a m  s t a i n i n g  a s  a  means o f  t r a c i n g  

th e  o r i g i n s  o f  c e l l s  t a k i n g  p a r t  i n  in f la m m a to r y  r e a c t i o n s .
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C o n d it io n s  g o v e r n in g  t h e  u s e  o f  i n t r a v i t a m  

s t a i n i n g  a s  an  a i d  t o  t h e  i d e n t i f i c a t i o n  o f  

c e l l s  t a k i n g  p a r t  i n  in f la m m a to r y  p r o c e s s e s .

I .  I f  an  a n im a l  r e c e i v e  a  f i r s t  d o s e  o f  t r y p a n  b lu e  

d u r in g  t h e  p r o d u c t io n  o f  an  in f la m m a to r y  e x u d a t e ,  no 

v i t a l l y  s t a i n e d  c e l l s  ca n  be e x p e c t e d  u n t i l  a b o u t  s i x  h o u rs  

h ave  e l a p s e d ,  a s  t h i s  p e r io d  i s  n e c e s s a r y  f o r  t h e  f o r m a t i o n  

o f  t r u e  i n t r a c e l l u l a r  dye  d e p o s i t s  ( s e e  p.60 ) •  T h is

s t a t e m e n t  d o e s  net , o f  c o u r s e ,  r e f e r  t o  t h e  s t a i n i n g  o f

t h e  s p e c i f i c  g r a n u le s  o f  t h e  l e u c o c y t e s  w h ic h  may o c cu r  

v e r y  r a p i d l y  and i s  o f  q u i t e  a  d i f f e r e n t  n a t u r e . F a i l u r e  

t o  f i n d  v i t a l l y  s t a i n e d  c e l l s  a f t e r  t h i s  p e r io d  may be due 

t o  a  v a r i e t y  o f  c a u s e s ;  t h e  c e l l s  may p o s s e s s  no c a p a c i t y  

t o  s t a i n  v i t a l l y ,  or t h e y  may be  i n  s u c h  a  s i t u a t i o n  t h a t  

t h e  c i r c u l a t i n g  d y e s t u f f  i s  n o t  a v a i l a b l e  t o  them .

I I .  By r e p e a t e d  i n j e c t i o n s  o f  a s u i t a b l e  d y e ,  e . g .  

t r y p a n  b l u e  or i s a m in e  b l u e ,  th e  c e l l s  o f  t h e  r e t i c u l o 

e n d o t h e l i a l  s y s te m  c a n  be  s e l e c t i v e l y  d e m a r c a te d .  The 

h i s t i o c y t e s  o f  t h e  c o n n e c t i v e  t i s s u e s  th r o u g h o u t  t h e  body  

a r e  thus s t a i n e d .  I f  pu lm onary i r r i t a t i o n  be  in d u c ed  

a f t e r  an  i n t e r v a l  s u f f i c i e n t  t o  r ed u c e  t h e  amount o f  

c i r c u l a t i n g  dye t o  a n e g l i g i b l e  l e v e l  b u t  b e f o r e  d e c o l o r i -  

s a t i o n  i 3  c o m p le t e ,  t h e  p r e s e n c e  o f  v i t a l  s t a i n i n g  i n  an y  

c o n s i d e r a b l e  p r o p o r t io n  o f  th e  c e l l s  o f  th e  e x u d a t e  p e r m its
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th e  c o n c l u s i o n  t h a t  s u c h  c e l l s  a r e  d e r i v e d  from  t h o s e  

w h ic h  w ere  s t a i n e d  p r i o r  t o  t h e  f o r m a t io n  o f  t h e  e x u d a t e .

I n  o r d e r  t h a t  t h i s  c o n c l u s i o n  may h e  j u s t i f i e d  i t  i s  

e s s e n t i a l  t h a t  t h e  c o n d i t i o n  s p e c i f i e d  a b o v e  b e  f u l f i l l e d ,  

v i z .  t h a t  t h e r e  be  n o t  s u f f i c i e n t  d y e s t u f f  f r e e  i n  th e  

b o d y  f l u i d s  t o  a c c o u n t  f o r  t h e  s t a i n i n g  o f  th e  c e l l s  a f t e r  

e m i g r a t i o n  or  p r o l i f e r a t i o n .

I I I .  The p r o c e d u r e  d e t a i l e d  u n d er  I I  when com bined  

w i t h  a n  in t r a v e n o u s  i n j e c t i o n  o f  a c o n t r a s t i n g  dye ( l i t h i u m  

carm ine or v i t a l  new r e d )  g i v e n  u n d er  t h e  c o n d i t i o n s  

s p e c i f i e d  i n  I  e x t e n d s  t h e  i n f o r m a t i o n  o b t a i n a b l e  r e g a r d in g  

t h e  o r g i n  o f  t h e  c e l l s  o f  a n  im flam m atory  e x u d a t e .  I t  may 

be c o n c lu d e d  t h a t  c e l l s  w h ic h  c o n t a i n  o n l y  t h e  s e c o n d  dye  

h ave  a r i s e n  d i r e c t l y  from  u n s t a i n e d  p r e c u r s e r s ,  a n d  t h a t  

t h e y  have a c q u ir e d  t h e  c a p a c i t y  t o  s t a i n  v i t a l l y  ow ing  t o  

t h e i r  a l t e r e d  f u n c t i o n a l  a c t i v i t y .

IV . The a b i l i t y  o f  c e l l s  i n  a  pu lm onary e x u d a te  t o  

s t o r e  v i t a l  s t a i n s  may be  c o n v e n i e n t l y  t e s t e d  b y  a d m i n i s 

t e r i n g  th e  d y es  i n t r a t r a c h e a l l y .

V. S in c e  a c o n s i d e r a b l e  p r o p o r t io n  o f  t h e  c i r c u l a t i n g  

m o n o cy tes  s t o r e  s u s p e n s o id  s u b s t a n c e s ,  t h e  r e l a t i o n  o f  

t h e s e  c e l l s  t o  an  in f la m m a to r y  e x u d a te  may be  a s c e r t a i n e d  

b y  i n j e c t i n g  i n t r a v e n o u s l y  a s u i t a b l e  d o se  o f  i n d i a  in k  or  

s a c c h a r a t e d  o x id e  o f  i r o n .  The a b s e n c e  o f  v i t a l  s t a i n i n g



from  t h e  c e l l s  o f  t h e  e x u d a t e  w o u ld  s u g g e s t  t h a t  m o n o cy te s  

d o  n o t  p a r t i c i p a t e  i n  th e  in f la m m a to r y  r e a c t i o n  t o  an y  

c o n s i d e r a b l e  e x t e n t .  The o b j e c t i o n  may be  r a i s e d  t h a t  

I n d ia  in k  i s  u n s u i t a b l e  f o r  e x p e r im e n t s  on t h e  lu n g s  ow ing  

t o  t h e  r i s k  o f  c o n f u s i n g  p igm en t p a r t i c l e s  w i t h  t h o s e  o f  

ca rb o n  i n h a l e d  n a t u r a l l y .  T h is  d a n g er  i s  n o t  g r e a t ,  

s i n c e  t h e  in k  p a r t i c l e s  i n  m o n o cy te s  a r e  much more d e n s e  

and opaque th a n  t h e  f i n e  c a r b o n  p a r t i c l e s  i n  r e c e n t l y  

form ed d u s t  c e l l s ;  i n  t h e  l a r g e r  p r e - e x i s t i n g  d u s t  c e l l s  

t h e  m o rp h o lo g y  i s  s o  d i f f e r e n t  from  t h a t  o f  m o n o cy te s  t h a t  

c o n f u s i o n  i s  u n l i k e l y .  F u r t h e r ,  t h e  r e s u l t s  h ave  b e e n  

c o n t r o l l e d  by c o m p a r iso n  w i t h  th o se  o b t a in e d  a f t e r  I n t r a 

v en ou s  i n j e c t i o n  o f  s a c c h a r a t e d  o x id e  o f  i r o n  and o f  

b e n z o p u r p u r in  s u s p e n s o i d .  D i f f i c u l t y  m ig h t  a r i s e  i n  

d i s t i n g u i s h i n g  v i t a l l y  s t a i n e d  b lo o d  h i s t i o c y t e s  from  

m o n o c y t e s ,  b u t  un der  t h e  c o n d i t i o n s  o f  t h e  e x p e r im e n t  t h e  

form er a r e  p r e s e n t  o n ly  I n  n e g l i g i b l e  num bers. E v id e n c e  

r e g a r d in g  t h e  r e l a t i o n  o f  th e  b lo o d  h i s t i o c y t e s  t o  th e  

c e l l s  o f  t h e  e x u d a te  i s  p r o v id e d  b y  th e  c o n d i t i o n s  o f  

I I  ( a b o v e ) .

From th e  f o r e g o i n g  c o n s i d e r a t i o n s  I t  i s  c l e a r  t h a t  i n  

o rd er  t o  o b t a i n  e v id e n c e  from  i n t r a v i t a m  s t a i n i n g  a s  t o  th e  

p a r t i c i p a t i o n  o f  d i f f e r e n t  t y p e s  o f  c e l l s  i n  in f la m m a to r y  

l e s i o n s ,  e . g .  i n  t h e  l u n g s ,  i t  i s  e s s e n t i a l  t o  compare th e
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r e s u l t s  o b t a in e d  b y  a v a r i e t y  o f  m ethods and b y  c o m b in a t io n s  

o f  t h e s e .

A n t h r a c o s l s  p ro d u ced  b y  t h e  i n h a l a t i o n  o f  a s o o t y

a tm o sp h e r e .

In  t h i s  e x p e r im e n t  tw o  s e r i e s  o f  m ic e  w ere  u s e d  t o g e t h e r  

w i t h  an  a d e q u a te  number o f  c o n t r o l s .  ( 1 )  One g rou p  w ere  

s u b j e c t e d  t o  i n t e n s e  i n t r a v i t a m  s t a i n i n g  r e c e i v i n g  5 t o  12 i n 

j e c t i o n s  o f  i s a m in e  b lu e  1 /1 5 0  1 c . c .  p e r  2 0  grras. w e i g h t ,  a t  

w e e k ly  i n t e r v a l s ,  and a f t e r  a  v a r y i n g  number o f  d a y s  were  

e x p o se d  t o  a s o o t y  a tm osp h ere  i n  o r d e r  t o  p rod u ce  a n t h r a c o s l s .  

( 2 ) In a  s e c o n d  s e t  o f  m ice  t r y p a n  b lu e  was em p loyed  i n s t e a d  

o f  isa m in e  b l u e ,  b e c a u s e  c e l l s  ta k e  i t  up  from  t h e  p lasm a and  

become s t a i n e d  more r a p i d l y .  D a i l y  i n j e c t i o n s  o f  1 / 2 0 0  or  

1 /5 0 0  w ere g i v e n  a c c o r d in g  t o  t h e  d u r a t i o n  o f  th e  e x p e r im e n t  

d u r in g  th e  p r o d u c t io n  o f  th e  a n t h r a c o s l s ,  I n  o r d e r  t o  m a in t a in  

an a d eq u a te  s u p p ly  o f  dye i n  t h e  p lasm a w h i l e  t h e  c e l l u l a r  

r e a c t i o n  was t a k i n g  p l a c e .  T h ese  a n im a ls  w ere  a c c o r d i n g l y  

n o t  v i t a l l y  s t a i n e d  b e f o r e  t h e  f i r s t  e x p o s u r e  t o  s o o t .

A smoky a tm osp h ere  was p rod u ced  b y  b u r n in g  t u r p e n t i n e  

un d er  a  t i n  c o n n e c te d  b y  means o f  an  a ir -p u m p  w i t h  a b e 1 1 - j a r  

under w h ich  t h e  a n im a ls  w ere e x p o s e d .  In  t h i s  way t h e  c o n 

c e n t r a t i o n  o f  s o o t  c o u ld  be m a in t a in e d  a t  a n y  d e s i r e d  i n t e n s i t y  

and f r e s h  a i r  c o u ld  be  b r o u g h t  i n t o  t h e  j a r  a s  r e q u i r e d .

A f t e r  a few  p r e l im in a r y  t r i a l s  i t  was fou n d  t h a t  e x p o s u r e  t o
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a  s u i t a b l e  smoky a tm o sp h er e  f o r  a p e r i o d  o f  2 jg- h o u r s  l e d  t o  

a d e f i n i t e  s o o t i n g  o f  t h e  a l v e o l i ,  and b y  r e p e a t i n g  t h i s  d o se  

f o r  s i x  d ays a w e l l -m a r k e d  a n t h r a c o s l s  c o u ld  be  p ro d u ced  w i t h o u t  

s e r i o u s  i l l  e f f e c t s .  The f i r s t  g r o u p ,  i . e .  a n im a ls  v i t a l l y  

s t a i n e d  w i t h  i s a m in e  b l u e ,w e r e  d i v i d e d  i n t o  tw o s e t s  and  b o t h  

were s u b j e c t e d  t o  t h i s  smoky a tm o sp h ere  f o r  v a r y i n g  p e r i o d s  up  

t o  15 hou rs o v e r  s i x  d a y s .  D u r in g  t h i s  t im e  some a n i m a l s ,  

group  1  a ,  r e c e i v e d  no f u r t h e r  v i t a l  s t a i n ,  and  t h e r e f o r e  had  

no dye i n  t h e i r  p la s m a ,  w h i l e  o t h e r s ,  g ro u p  1  b ,  r e c e i v e d  a 

d a i l y  i n j e c t i o n  o f  i s a m in e  b lu e  i n  o r d e r  t o  m a i n t a i n  a c o n s t a n t  

s u p p ly  o f  dye  i n  t h e  p lasm a d u r in g  t h e  p e r i o d  o f  f o r m a t i o n  o f  

th e  a n t h r a c o t i c  c e l l s .  The a n im a ls  w ere k i l l e d  a f t e r  v a r y i n g  

p e r io d s  and th e  t i s s u e s  w ere f i x e d  i n  Z e n k e r ’ s f l u i d  ( s e e  p . 25 ) ,  

a s m a l l  q u a n t i t y  o f  t h e  f i x a t i v e  b e i n g  i n j e c t e d  i n t o  t h e  t r a c h e a  

w h ich  was t h e n  l i g a t e d  p r i o r  t o  o p e n in g  t h e  t h o r a x .  The lu n g s  

and o t h e r  o rgan s  w ere t h e n  im m ersed i n  a  l a r g e  amount o f  t h e  

same f l u i d  and w ere  s u b s e q u e n t l y  embedded i n  p a r a f f i n .

The e x p e r im e n t a l  p ro c ed u r e  has in d u c e d  a  w e l l  marked  

a n t h r a c o s l s  i n  th e  lu n g s  o f  t h e  e x p e r i m e n t a l  a n i m a l s .  The 

i n h a le d  c a rb o n  i s  d e p o s i t e d  f i r s t  on t h e  b r o n c h i a l  w a l l s ,  and  

t e n d s  t o  be e s p e c i a l l y  h e a v y  a t  t h e  b i f u r c a t i o n s  o f  t h e  b r o n c h i a l  

t r e e .  A s u f f i c i e n t  q u a n t i t y  o f  s o o t  h a s  a l s o  p e n e t r a t e d  t o  

th e  a i r  s a c s  and a l v e o l i  t o  s e t  up a w e l l -m a r k e d  p h a g o c y t i c  

r e a c t i o n ,  b u t  ow ing t o  t h e  r e l a t i v e l y  s lo w  c e l l u l a r  r e s p o n s e  

t o  p a r t i c u l a t e  m a t te r  d e p o s i t e d  b y  i n h a l a t i o n ,  t h e  f o r m a t io n



Table I.
Group 1 a.— Mice vita lly  stained with isamine blue, no dye in  plasma.

F o u r  m i c e  r e c e i v e d  r e p e a t e d  i n j e c t i o n s  o f  i s a m i n e  b l u e  a n d  a f t e r  a n  i n t e r v a l  o f  o n e  
t o  f o u r  w e e k s  w e r e  s u b j e c t e d  t o  t h e  s o o t y  a t m o s p h e r e  f o r  v a r y i n g  p e r i o d s .  I n  a l l  c a s e s  
t h e  o t h e r  t i s s u e s  w e r e  e x a m i n e d  t o  d e t e r m i n e  t h e  p r e s e n c e  o f  a d e q u a t e  v i t a l  s t a i n i n g ; 
t h e  d e g r e e  o f  s t a i n i n g  o f  t h e  h i s t i o c y t e s  a r o u n d  t h e  b r o n c h i  a n d  m a i n  v e s s e l s  o f  t h e  
l u n g s  s e r v e d  a s  c o n t r o l s  i n  i n d i v i d u a l  s e c t i o n s .

In je c tio n s  
o f  clyo

In te rv a l  
betw een la s t  

in je c tio n  an d  
l i r s t  o x p o m re

N u m b e r  o f
ex posures 
a n d  to ta l  
d u ra t io n

S u rv iv a l 
a f te r  lirs t  
ex p o su re

H is to lo g ic a l f in d in g s  in  lun g s

5 4  w e e k s 1 e x p o s u r e  
o f  1 h o u r

3  h o u r s S l i g h t  d e p o s i t  o f  s o o t  i n  l u n g ,  c h i e f l y  o n  b r o n c h i a l  
w a l l s .  N o  e v i d e n c e  o f  p h a g o c y t i c  r e a c t i o n  i n  i 
b r o n c h i  o r  a l v e o l i .  N o  v i t a l l y  s t a i n e d  c e l l s  s e e n  i 
i n  a l v e o l a r  w a l l s .

5 4  w e e k s 1 e x p o s u r e  
o f  3  h o u r s

5  h o u r s M o r e  d e f i n i t e  d e p o s i t  o f  s o o t  i n  a l v e o l i ,  b u t  n o  
e v i d e n c e  o f  p h a g o c y t i c  r e a c t i o n .  C a r b o n  l i e s  
p r e c i p i t a t e d  o n  t h e  a l v e o l a r  w a l l s  c l e a r l y  e x t r a 
c e l l u l a r .  N o  v i t a l l y  s t a i n e d  c e l l s  s e e n .

7 1 w e e k 6  e x p o s u r e s  
o f  21  h o u r s  

d a i l y  
=  15  h o u r s

1 5  d a y s M a r k e d  g e n e r a l i s e d  a n t h r a e o s i s ,  s t i l l  m u c h  s o o t  
e x t r a c e l l u l a r .  M a n y  m o r e  f r e e  p h a g o c y t e s  t h a n  
n o r m a l l y ,  b u t  t h e s e  a r e  s o  h e a v i l y  l a d e n  w i t h  
s o o t  t h a t  n o  c e l l u l a r  d e t a i l s  a r e  v i s i b l e .  N o  
v i t a l l y  s t a i n e d  c e l l s  s e e n  i n  a l v e o l i .  M i g r a t i o n  ' 
o f  p h a g o c y t i c  c e l l s  t o  l y m p h a t i c s  i s  c o m m e n c i n g .

1 2 2  w e e k s 6  e x p o s u r e s  
o f  2 J  h o u r s  

d a i l y  
=  1 5  h o u r s

1 7  d a y s M a r k e d  a n t h r a e o s i s ,  s t i l l  s o m e  c a r b o n  f r e e  b u t  
g r e a t e r  p a r t  i s  i n t r a c e l l u l a r .  C e l l s  a r e  a l l  f r e e  
a n d  r o u n d e d  u p ,  n o  c y t o p l a s m i c  d e t a i l s  v i s i b l e .  
M i g r a t i o n  o f  c a r b o n  l a d e n  c e l l s  t o  l y m p h a t i c s .  
P a t c h e s  o f  i r r e g u l a r  p n e u m o n i a  p r e s e n t  b u t  
m o n o n u c l e a r  c e l l s  o f  e x u d a t e  a r e  n o t  v i t a l l y  
s t a i n e d .



Table II.
Group 1 b:—Mice vita lly  stained with isamine blue; abundant dye in  plasma.

F i v e  m i c e  r e c e i v e d  r e p e a t e d  i n j e c t i o n s  o f  i s a m i n e  b l u e  a n d  w e r e  e x p o s e d  t o  a  s o o t y  
a t m o s p h e r e  f o r  f i f t e e n  h o u r s  i n  s i x  p e r i o d s  o f  2 J  h o u r s  d a i l y .  T h e r e a f t e r  t h e y  w e r e  
k i l l e d  a t  i n t e r v a l s  f r o m  2 4  h o u r s  t o  1 8  d a y s  a f t e r  t h e  l a s t  e x p o s u r e .

T h r o u g h o u t  t h e  e x p o s u r e s  a n d  u p  t o  t h e  d a t e  o f  d e a t h  i s a m i n e  b l u e  w a s  a d m i n i s t e r e d  
s u b c u t a n e o u s l y  a t  f r e q u e n t  i n t e r v a l s  s o  t h a t  a  p l e n t i f u l  s u p p l y  o f  d y e  w a s  m a i n t a i n e d  
i n  t h e  p l a s m a  w h i l e  t h e  r e a c t i n g  c e l l s  w e r e  b e i n g  f o r m e d .

N u m b e r  of P e rio d  o f  s u rv iv a l

H is to lo g ic a l  f in d in g s  in  lu n g s
o f  d y e A fto r  f ir s t  

ex p o su re
A fto r  l a s t  
e x p o su re

1 4 7  d a y s 1 d a y W e l l  m a r k e d  a n t h r a e o s i s ,  b u t  m u c h  s o o t  o n  b r o n c h i a l  w a l l s  
e s p e c i a l l y  a t  b i f u r c a t i o n s .  A  c o n s i d e r a b l e  n u m b e r  o f  
p h a g o c y t i c  c e l l s  a l r e a d y  f o r m e d  a n d  o t h e r s  i n  p r o c e s s  o f  
f o r m a t i o n  b y  d e s q u a m a t i o n  f r o m  t h e  l i n i n g .  B l o o d  
h i s t i o c y t e s  s e e n  i n  a l v e o l a r  c a p i l l a r i e s ,  t a k i n g  n o  p a r t  i n  
t h e  r e a c t i o n .  N o  v i t a l  s t a i n i n g  o f  t h e  r e a c t i n g  c e l l s .  
P r a c t i c a l l y  n o  m i g r a t i o n  o f  c a r b o n  b e a r i n g  c e l l s  i n t o  
l y m p h a t i c s .

1 0 1 5  d a y s 9  d a y s M o r e  m a r k e d  a n t h r a e o s i s ,  l e s s  f r e e  s o o t  a n d  m o r e  a b u n d a n t  
p h a g o c y t o s i s  t h a n  i n  p r e v i o u s  a n i m a l .  N o  v i t a l  s t a i n i n g  
o f  r e a c t i n g  c e l l s  s e e n .  C o m m e n c i n g  l y m p h a t i c  m i g r a 
t i o n  o f  c a r b o n  b e a r i n g  c e l l s ,  a n d  s o m e  c a r b o n  i s  s e e n  i n  
t h e  c e l l s  o f  p e r i b r o n c h i a l  l y m p h  n o d e s .

21 2 2  d a y s 16 d a y s A n t h r a e o s i s  l e s s  m a r k e d ,  b u t  l y m p h a t i c  m i g r a t i o n  i s  m u c h  
m o r e  p r o n o u n c e d  t h a n  i n  p r e v i o u s  a n i m a l s .  S t i l l  t r a c e s  
o f  f r e e  c a r b o n  o n  a l v e o l a r  w a l l s ,  a n d  a  f e w  p h a g o c y t e s  
a r e  s e e n  i n  p r o c e s s  o f  f o r m a t i o n  i n  a l v e o l a r  w a l l s .  N o n e  
o f  t h e  r e a c t i n g  c e l l s  i s  v i t a l l y  s t a i n e d .

11 2 2  d a y s 1 6  d a y s M a r k e d  a n t h r a e o s i s ,  b u t  s t i l l  s o o t  f r e e  o n  a l v e o l a r  w a l l s .  
M a n y  p h a g o c y t e s  i n  a l v e o l i  a n d  o n  w a l l s  b u t  n o  v i t a l  
s t a i n i n g .  L y m p h a t i c  m i g r a t i o n  i s  w e l l  a d v a n c e d ,  a n d  
s o m e  o f  t h e  p e r i b r o n c h i a l  l y m p h  n o d e s  c o n t a i n  c a r b o n .

11 2 3  d a y s 1 7  d a y s A n t h r a e o s i s  l e s s  p r o n o u n c e d  t h a n  i n  t h e  t h r e e  p r e c e d i n g  
a n i m a l s ,  a l v e o l a r  p h a g o c y t e s  s t i l l  b e i n g  f o r m e d  o n  t h e  
w a l l s ,  a n d  a  l i t t l e  e x t r a c e l l u l a r  c a r b o n  r e m a i n s .  N o '  v i t a l  
s t a i n i n g  o f  t h e  r e a c t i n g  c e l l s  i s  s e e n  a n y w h e r e .



Table III.
Group 2 . — Mice not previously stained : injections o f  trypan blue during  

exposure to sooty atmosphere.
F o u r  m i c e  r e c e i v e d  a n  i n j e c t i o n  o f  t r y p a n  b l u e  a b o u t  t h r e e  o r  f o u r  h o u r s  b e f o r e  e a c h  

e x p o s u r e  t o  a  s o o t y  a t m o s p h e r e  l a s t i n g  3  t o  4  h o u r s .  T h e  n u m b e r  o f  i n j e c t i o n s  a n d  
e x p o s u r e s  i s  s h o w n  i n  t h e  t a b l e .  T h e  a n i m a l s  w e r e  k i l l e d  a f t e r  t h e  i n t e r v a l s  s h o w n  
b e l o w ; b l o o d  f r o m  t h e  h e a r t  w a s  c o l l e c t e d  i n  c i t r a t e  s a l i n e ,  a n d  a f t e r  c e n t r i f u g i n g ,  t h e  
l e u e o c y t i c  l a y e r  w a s  e x a m i n e d  f o r  v i t a l l y  s t a i n e d  c e l l s ,  a n d  t h e  p r e s e n c e  o f  f r e e  d y e  i n  
t h e  s u p e r n a t a n t  f l u i d  w a s  n o t e d .

N u m b e r  a n d  
d u r a t io n  o f 

e x p o su re s  to  
s o o t

N u m b e r  o f 
in je c tio n s  o f 

d y e

P e rio d  o f 
s u rv iv a l  

a f te r  f irs t  
e x p o su re

H is to lo g ic a l fin d in g s  in  lu n g s

1  e x p o s u r e 1 18  h o u r s S l i g h t  a m o u n t  o f  s o o t  i n  a l v e o l i ,  b u t  n o  c e l l u l a r  r e a c t i o n .  
N o  v i t a l l y  s t a i n e d  c e l l s  i n  a l v e o l i .  H i s t i o c y t e s  o f  
i n t e r s t i t i a l  t i s s u e  s h o w  e a r l y  v i t a l  s t a i n i n g .

2  e x p o s u r e s 2 2 6  h o u r s D i s t i n c t  i n c r e a s e  o f  s o o t  i n  a l v e o l i ,  v e r y  e a r l y  c e l l u l a r  
r e a c t i o n ,  b u t  m o s t  o f  s o o t  e x t r a c e l l u l a r .  R e a c t i n g  
c e l l s  a p p e a r  t o  b e  a l v e o l a r  l i n i n g  c e l l s .  N o  v i t a l  
s t a i n i n g  o f  t h e s e  c e l l s  b u t  i n t e r s t i t i a l  h i s t i o c y t e s  a r e  
w e l l  s t a i n e d .

4  e x p o s u r e s 4 5  d a y s W e l l  m a r k e d  a n t h r a e o s i s ,  w i t h  p r o n o u n c e d  c e l l u l a r  
r e a c t i o n .  T h e  p h a g o c y t e s  a r e  s e e n  i n  a l l  s t a g e s  o f  
f o r m a t i o n  a n d  a p p e a r  t o  b e  d e r i v e d  c h i e f l y  f r o m  t h e  
c u b o i d a l  c e l l s  ; m a j o r i t y  a r e  f r e e  f r o m  d y e ,  b u t  a  f e w  
s h o w  t r a c e s  o f  v i t a l  s t a i n i n g .  B l o o d  h i s t i o c y t e s  a r e  
p r e s e n t  i n  t h e  c a p i l l a r i e s ,  b u t  t a k e  n o  p a r t  i n  t h e  r e 
a c t i o n .  M i g r a t i o n  o f  c e l l s  t o  t h e  l y m p h a t i c s  i s  c o m 
m e n c i n g .  T h e  i n t e r s t i t i a l  h i s t i o c y t e s  a r e  b r i l l i a n t l y  
s t a i n e d .

5  e x p o s u r e s 5 9  d a y s W e l l  m a r k e d  a n t h r a e o s i s ,  c e l l u l a r  r e s p o n s e  l e s s  p r o 
n o u n c e d  t h a n  i n  p r e v i o u s  a n i m a l .  P r a c t i c a l l y  n o  v i t a l  
s t a i n i n g  o f  t h e  r e a c t i n g  c e l l s .  L y m p h a t i c  m i g r a t i o n  
m o r e  a d v a n c e d .  B l o o d  s e r u m  c o n t a i n s  l e s s  d y e  t h a n  
p r e v i o u s  a n i m a l ,  b u t  i s  s t i l l  d i s t i n c t l y  c o l o u r e d .
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o f  t h e  a l v e o l a r  p h a g o c y t e s  i s  d i f f i c u l t  t o  f o l l o w ,  and s t a i n 

i n g  i n  t h e  c e l l s  i f  p r e s e n t  i s  g e n e r a l l y  o b s c u r e d  b y  th e  

i n t e n s e  p h a g o c y t o s i s  o f  c a r b o n .  I n  t h e  a n im a ls  o f  g r o u p  1 

(a  and b ) ,  t h e  l o n g  i n t e r v a l  w h ic h  h a s  e l a p s e d  i n  m ost  

i n s t a n c e s  s i n c e  t h e  s o o t  was d e p o s i t e d  h a s  a l l o w e d  n e a r l y  a l l  

th e  c e l l s  w h ic h  h ave  r e a c t e d  t o  a t t a i n  t h e  c h a r a c t e r  o f  f u l l y  

d e v e lo p e d  f r e e  a l v e o l a r  p h a g o c y t e s ,  and o n ly  o c c a s i o n a l l y  can  

one f i n d  a  c e l l  a p p a r e n t l y  i n  p r o c e s s  o f  m i g r a t i o n .  In  

group  2  w here t h e  i n t e r v a l  a f t e r  e x p o s u r e  t o  t h e  s o o t y  a tm o s 

ph ere  was s h o r t e r ,  t h e  f o r m a t i o n  o f  t h e  f r e e  p h a g o c y t e s  can  

be s e e n  more c l e a r l y .  In  s u c h  c a s e s  t h e  r e a c t i n g  e le m e n t s  

b e lo n g  t o  t h e  a l v e o l a r  l i n i n g  c e l l s ,  and a p p ea r  t o  be  d e r i v e d  

o h i e f l y  from  th e  c u b o i d a l  n u c l e a t e d  c e l l s  o f  t h e  a l v e o l a r  

a n g le s  and i n t e r c a p i l l a r y  s p a c e s  ( f i g .  7 5 ) .  There i s  a p p a r 

e n t l y  a l s o  some p a r t i c i p a t i o n  o f  t h e  f l a t t e n e d  c e l l s  i n  th e  

p r o c e s s .  I t  i s  c l e a r l y  b r o u g h t  o u t  t h a t  t h e  i n h a l e d  s o o t  

w h ich  has r e a c h e d  t h e  a l v e o l i  i s  rem oved b y  i n t r a c e l l u l a r  

t r a n s p o r t ;  t h e  p ig m e n t - la d e n  c e l l s  a r e  i n  p a r t  e x p e l l e d  v i a  

th e  a i r  p a s s a g e s  i n  t h e  sputum , and i n  p a r t  t h e y  m ig r a t e  a lo n g  

% the ly m p h a t ic s  t o  t h e  m e d i a s t i n a l  lymph n o d e s .

Pulm onary i r r i t a t i o n  p ro d u ced  b y  I n t r a t r a c h e a l  i n j e c t i o n  

o f  s a l i n e  s u s p e n s i o n s  o f  i n s o l u b l e  p a r t i c l e s .

As t h e  p r e v io u s  s t u d i e s  had f a i l e d  t o  y i e l d  d e c i s i v e  

r e s u l t s ,  a  f u r t h e r  s e r i e s  o f  e x p e r im e n t s  was u n d e r ta k e n  in
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w h ic h  a f l u i d  s u s p e n s i o n  o f  i n s o l u b l e  p a r t i c u l a t e  m a t t e r  was 

i n j e c t e d  i n t o  t h e  t r a c h e a  o f  v i t a l l y  s t a i n e d  a n i m a l s . By t h i s  

means a much more r a p id  m o b i l i s a t i o n  o f  r e a c t i n g  c e l l s  i s  

p r o d u ce d  i n  t h e  lu n g s  th a n  f o l l o w s  t h e  i n h a l a t i o n  o f  p a r t i c u 

l a t e  m a t t e r  i n  a  d ry  s t a t e .  A w eak s u s p e n s i o n  o f  f i n e l y  

ground carm in e  o r  i n d i a  i n k  was u s u a l l y  em p lo y ed  a s  th e  a l v e o l a r  

i r r i t a n t ,  and m in im a l q u a n t i t i e s  o f  th e  s u b s t a n c e s  w ere  i n j e c t e d  

i n  o r d e r  t o  a v o i d  m a sk in g  s l i g h t  d e g r e e s  o f  v i t a l  s t a i n i n g  i n  

th e  e x u d a t e  c e l l s .

A s e r i e s  o f  2 1  g u i n e a - p i g s  from  t h e  l a b o r a t o r y  s t o c k  w ere  

u s e d  i n  t h i s  e x p e r im e n t .  E i g h t  p ig s  w ere  u s e d  a s  h i s t o l o g i c a l  

c o n t r o l s ,  t h e i r  t i s s u e s  b e i n g  ex a m in ed  b y  a  v a r i e t y  o f  m ethods  

a f t e r  e x s a n g u i n a t i o n .  T h i r t e e n  p i g s  w ere  s u b j e c t e d  t o  i n t e n s e  

v i t a l  s t a i n i n g  w i t h  t r y p a n  b l u e ;  o f  t h e s e  f i v e  s e r v e d  a s  v i t a l  

s t a i n i n g  c o n t r o l s ,  v /h i l e  t h e  r e m a in in g  e i g h t  w ere a n a e s t h e t i s e d  

and a  s m a l l  q u a n t i t y  o f  c a rm in e  or  i n d i a  in k  s u s p e n d e d  i n  

s a l i n e  was i n j e c t e d  i n t o  t h e  t r a c h e a .  The a n im a ls  w ere k i l l e d  

a t  s h o r t  i n t e r v a l s ,  and t h e  p r e s e n c e  o f  abu ndan t dye  i n  t h e  

plasma was d e te r m in e d  a s  b e f o r e .  In  a l l  c a s e s  t h e  lu n g s  w ere  

p a r t i a l l y  i n f l a t e d  w i t h  1 0  p e r  c e n t ,  f o r m a l in  i n  s a l i n e  and t h e  

tr a c h e a  was l i g a t e d  b e f o r e  o p e n in g  t h e  t h o r a x .  The organs  

were f i x e d  i n  f o r m a l i n ,  and p a r a f f i n  s e c t i o n s  w ere p r e p a r e d .

As a r e s u l t  o f  t h e  i n t r a t r a c h e a l  i n j e c t i o n  o f  f i n e l y  

d iv id e d  p a r t i c u l a t e  m a t t e r  i n  a f l u i d  medium, a l a r g e  number
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o f  new m o n o n u c le a r  p h a g o c y t e s  a p p e a r  In  t h e  a i r  s a c s  and a l v e o l i  

o f  t h e  e x p e r i m e n t a l  a n i m a l s . One o f  t h e  m ost s t r i k i n g  r e s u l t s  

i s  t h e  e x t r a o r d i n a r y  r a p i d i t y  w i t h  w h ic h  p a r t i c u l a t e  m a t t e r  i n  

a f l u i d  medium i s  t a k e n  up  b y  p h a g o c y t i c  c e l l s ,  i n  c o n t r a s t  t o  

th e  r e l a t i v e l y  s lo w  i n g e s t i o n  o f  p a r t i c u l a t e  m a t t e r  d e p o s i t e d  

i n  t h e  lu n g s  b y  i n h a l a t i o n .  T h is  i s  w e l l  known, and was 

e m p h a s is e d  b y  M a v ro g o rd a to  ( 1 9 1 8 ) .  W it h in  h a l f  an  h o u r  f i n e l y  

d i v i d e d  p a r t i c l e s  o f  carm in e  i n  a  f l u i d  medium a r e  a l r e a d y  

a c t i v e l y  t a k e n  u p  b y  t h e  p re fo rm ed  d u s t  c e l l s  and  b y  some o f  

th e  a l v e o l a r  l i n i n g  c e l l s  _in s i t u . A f t e r  t h r e e  t o  f i v e  h o u rs  

p h a g o c y t o s i s  o f  t h e  f i n e r  p a r t i c l e s  i s  a lm o s t  c o m p le t e .  I n d ia  

in k  and s a c c h a r a t e d  o x id e  o f  i r o n  a r e  t a k e n  up  w i t h  e q u a l  

r a p i d i t y .  The a c t i v e  c e l l s  a r e  c l e a r l y  d e r i v e d  from  t h e  l i n i n g  

c e l l s  o f  t h e  a l v e o l i ,  b u t  i t  i s  d e s i r a b l e  t o  e m p h a s is e  t h a t  n o t  

o n ly  t h e  c u b o i d a l  c e l l s  o f  t h e  i n t e r c a p i l l a r y  s p a c e s ,  t h e  

" s e p t a l  c e l l s "  o f  L ang, b u t  a l s o  t h e  f l a t t e n e d  n u c l e a t e d  c e l l s  

ta k e  p a r t  i n  t h e  p r o c e s s ,  t h e  s t e p s  o f  w h ic h  ap p ea r  t o  be as  

f o l l o w s .  Some o f  t h e  l i n i n g  c e l l s  b e g i n  t o  a b s o r b  t h e  p a r t i c l e s  

o f  c a r b o n ,  c a r m in e ,  e t c . ,  w h i l e  s t i l l  i n  s i t u . The n u c l e a t e d  

squam es, a t  f i r s t  c l o s e l y  a p p l i e d  t o  t h e  a l v e o l a r  w a l l  i n  a 

f l a t t e n e d  s t a t e ,  s o o n  s e p a r a t e  t h e m s e lv e s  from  th e  w a l l ,  a t  

f i r s t  r e t a i n i n g  t h e i r  s t r e t c h e d  and f l a t t e n e d  s h a p e .  The n e x t  

s ta g e  a p p e a r s  t o  c o r r e s p o n d  t o  what has  b e e n  d e s c r i b e d  as  

o c c u r r in g  when a t t e m p t s  a r e  made t o  s e p a r a t e  t h e  squames b y  

m a c e r a t io n  or  b y  s c r a p i n g  th e  c u t  s u r f a c e  o f  t h e  l u n g .  As s o o n



Table IV.
Guinea-pigs intensely stained with trypan blue, abundant dye in  plasma throughout. The 

animals were ancesthetised and a small quantity o f a flu id  suspension o f finely  divided 
particulate matter was injected into the trachea, the animals being held vertically.

A nim al
N o

M a to r la l
In jec ted S u rv iv a l

P e rio d H is to lo g ic a l  findings in  lu n g s

G . P .
5

1 '5  c . c .
J  p e r c e n t ,  

c a r m i n e

D i e d  u n d e r  
e t h e r ,  

l u n g s  f i x e d  
a f t e r  

3 0  m i n .

M u c h  f r e e  c a r m i n e  i n  a l v e o l i .  P h a g o c y t o s i s  b y  p r e f o r m e d  d u s t  
c e l l s  w e l l  m a r k e d .  C o m m e n c i n g  i n g e s t i o n  b y  f l a t t e n e d  a n d  
c u b o i d a l  c e l l s ,  m a n y  o f  w h i c h  s h o w  d e s q u a m a t i o n .  M o s t  o f  
t h e s e  e x h i b i t  s l i g h t  d e g r e e  o f  v i t a l  s t a i n i n g .  A  f e w  p o l y m o r p h s  
w i t h  v i t a l l y  s t a i n e d  g r a n u l e s  i n  a l v e o l i ,  s o m e  s h o w  c o m m e n c i n g  
p h a g o c y t o s i s .  N o  m o n o c y t e s  o b s e r v e d .

G . P .
10

1  c . c .
J p e r  c e n t  

c a r m i n e

3 ?  h o u r s C o a r s e r  m a s s e s  o f  c a r m i n e  i n  a l v e o l i  s t i l l  f r e e ,  b u t  m o s t  o f  f i n e r  
g r a n u l e s  i n t r a c e l l u l a r .  P r e f o r m e d  d u s t  c e l l s  c o n t a i n  m u c h  
c a r m i n e .  M a n y  n e w  p h a g o c y t e s  i n  p r o c e s s  o f  f o r m a t i o n  f r o m  
t h e  l i n i n g  c e l l s ; t h e s e  s h o w  t r a c e s  o f  v i t a l  s t a i n i n g .  P o l y 
m o r p h s  v e r y  s c a n t y .

G . P .
13

1 -5  c . c .
1 p e r  r e n t ,  
i n d i a  i n k

l j f  h o u r s I n j e c t e d  i n k  h a s  p e n e t r a t e d  w e l l  i n t o  a l v e o l i ;  m o s t  a b u n d a n t  i n  
s u b p l e u r a l  a l v e o l i .  M o s t  o f  t h e  c a r b o n  p a r t i c l e s  a r e  a l r e a d y  
i n t r a c e l l u l a r ,  b u t  t h e  m a j o r i t y  o f  t h e  p h a g o c y t i c  c e l l s  a r e  s t i l l  
a t t a c h e d  t o  t h e  a l v e o l a r  w a l l s  a n d  a r e  s e e n  i n  v a r i o u s  s t a g e s  o f  
d e s q u a m a t i o n .  A  f e w  s m a l l  e p i t h e l i a l  s h e e t s  a t t a c h e d  t o  w a l l  
b y  d e l i c a t e  s t r a n d s ,  t h e s e  c o n t a i n  c a r b o n  p a r t i c l e s ,  a l s o  f a i n t l y  
v i t a l l y  s t a i n e d .  T h e  d e s q u a m a t i n g  c e l l s  s h o w  t r a c e s  o f  t r y p a n  
b l u e .  N o  p o l y m o r p h s  s e e n  i n  a l v e o l i .

G . P .
4

1 '5  c . c .
1 p e r  c e n t  

i n k
3  h o u r s G e n e r a l  f e a t u r e s  s i m i l a r  t o  G . P .  1 3 ,  i n k  a l m o s t  c o m p l e t e l y  i n t r a 

c e l l u l a r .  M a n y  p h a g o c y t i c  c e l l s  f r e e  i n  a l v e o l i  b u t  a  s t i l l  g r e a t e r  
n u m b e r  a r e  a t t a c h e d  to ’ t h e  w a l l s  a n d  a r e  s e e n  i n  v a r i o u s  s t a g e s  
o f  d e s q u a m a t i o n .  S o m e  o f  t h e  f r e e  c e l l s  a r e  b e c o m i n g  m o r e  
r o u n d e d ,  o t h e r s  a r e  s t i l l  s h a r p l y  a n g u l a r .  T h e  f r e e  a n d  a t t a c h e d  
c e l l s  s h o w  n o  g r e a t e r  d e g r e e  o f  v i t a l  s t a i n i n g  t h a n  i n  G . P .  1 3 .

G . P .
3

1 - 5  c . c .
1  p e r  c e n t .  

• i n k
12  h o u r s G e n e r a l  f e a t u r e s  s i m i l a r  t o  G . P .  4 ,  b u t  m a j o r i t y  o f  t h e  c a r b o n  

l a d e n  c e l l s  a r e  n o w  s e p a r a t e d  f r o m  t h e  w a l l s  a n d  l i e  f r e e  i n  t h e  
a i r  s p a c e .  O n l y  a  f e w  c e l l s  o f  f l a t t e n e d  t y p e  s h o w  c o m m e n c i n g  
d e s q u a m a t i o n ,  a n d  m o s t  o f  t h e  f r e e  c e l l s  a r e  r o u n d e d  o r  o v a l .  
V i t a l  s t a i n i n g  o f  e x u d a t e  c e l l s  i s  s c a n t y  a n d  b e a r s  n o  r e l a t i o n  
t o  t h e  s t a g e  o f  f o r m a t i o n  o f  t h e  p h a g o c y t e .  P o l y m o r p h  
g r a n u l e s  w e l l  s t a i n e d ,  n o  m o n o c y t e s  s e e n  i n  a l v e o l i .

G . P .
2

1 '5  c . c .
1 p e r c e n t ,  

i n k
1 8  h o u r s T h i s  a n i m a l  w a s  s t a i n e d  w i t h  t r y p a n  r e d  w h i c h  d i d  n o t  s h o w  u p  

w e l l  i n  s e c t i o n s .  T h e r e  i s  a  w e l l  m a r k e d  p h a g o c y t i c  r e a c t i o n  
w i t h  m o r e  n u m e r o u s  p o l y m o r p h s  t h a n  u s u a l  i n  s o m e  p l a c e s ,  
a n d  t h e s e  a r e  a c c o m p a n i e d  b y  m o n o c y t e s .  O n l y  f e w  o f  t h e s e  
b l o o d  c e l l s  c o n t a i n  m u c h  c a r b o n .  M o s t  o f  t h e  a l v e o l a r  p h a g o 
c y t e s  a r e  r o u n d e d  u p .  b u t  a  f e w  a r e  s t i l l  a t t a c h e d  t o  t h e  w a l l s  
b y  l o n g  p r o c e s s e s .  N o  v i t a l  s t a i n i n g  s e e n  i n  a n y  o f  t h e  c e l l s .

G . P .
6

1 - 5  c . c .
1  p e r c e n t  

i n k

3 0  h o u r s N o  f r e e  c a r b o n  p a r t i c l e s  i n  a l v e o l i .  A l m o s t  a l l  t h e  r e a c t i n g  c e l l s  
a r e  c o m p l e t e l y  s e p a r a t e d  f r o m  t h e  w a l l s  a n d  a r e  r o u n d e d  u p .  
I n  s o m e  a r e a s  a  g r e a t e r  a m o u n t  o f  i n k  h a s  p e n e t r a t e d  i n t o  
a l v e o l i  a n d  h a s  b r o u g h t  a b o u t  m a r k e d  p o l y m o r p h  a n d  m o n o c y t e  
m i g r a t i o n .  B o t h  t y p e s  o f  c e l l  c o n t a i n  a  s m a l l  a m o u n t  o f  i n 
g e s t e d  c a r b o n ,  b u t  a s  u s u a l  t h e  g r e a t e r  p a r t  o f  t h e  p i g m e n t  i s  
w i t h i n  l a r g e  m o n o n u c l e a r  c e l l s .  N o  i n c r e a s e  o f  v i t a l  s t a i n i n g  o f  
e x u d a t e  c e l l s  i n  c o m p a r i s o n  w i t h  t h o s e  o f  e a r l i e r  s t a g e s .

G . P .
1

1 c . c .  
5 0  p e r  

c e n t ,  i n k

9 6  h o u r s P o s t e r i o r  a s p e c t s  o f  l o w e r  l o b e s  s h o w  d e e p  b l u e  p a t c h e s ,  e x t e n d i n g  
i n t o  l u n g  s u b s t a n c e  a b o u t  2  m m .  T h e s e  s u b p l e u r a l  a l v e o l i  c o n 
t a i n  r e l a t i v e l y  l i t t l e  i n k ,  t h e  b u l k  o f  w h i c h  i s  i n  t h e  c e n t r a l  p a r t  
o f  t h e  l u n g s ,  b u t  t h e  f r e e  p h a g o c y t e s  i n  t h i s  z o n e  a r e  m u c h  
m o r e  d e e p l y  s t a i n e d  t h a n  t h o s e  i n  a n y  o t h e r  e x p e r i m e n t  o f  t h i s  
s e r i e s .  I n  t h e  c e n t r a l  p a r t  t h e  a l v e o l i  c o n t a i n  v e r y  n u m e r o u s  
p h a g o c y t e s ,  b u t  t h e s e  a s  u s u a l  s h o w  o n l y  t r a c e s  o f  v i t a l  s t a i n i n g .  
I n  s o m e  p a r t s  s m a l l  g i a n t  c e l l s  a r e  p r e s e n t  a n d  s h o w  v a r y i n g  
d e g r e e s  o f  v i t a l  s t a i n i n g .  P o l y m o r p h s  a r e  a l m o s t  c o m p l e t e l y  
a b s e n t ,  a n d  n o  m o n o c y t e s  c a n  b e  r e c o g n i s e d .
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a s  t h e  I n t e r c e l l u l a r  cem en t s u b s t a n c e  I s  l o o s e n e d  s o  t h a t  th e  

c e l l s  become d e t a c h e d  from  t h e i r  n e ig h b o u r s  t h e y  r e t r a c t  

m a rk ed ly  a p p a r e n t l y  from  r e l e a s e  o f  t h e  t e n s i o n  and ap p ea r  f r e e  

i n  t h e  a l v e o l a r  s p a c e  a s  s h a r p l y  a n g u la r  c e l l s  w i t h  o v a l  or  

rounded  n u c l e i  ( f i g .  76 ) .  They c o n t a i n  w i t h i n  t h e i r  c y to p la s m

th e  i n g e s t e d  p a r t i c l e s  w h ic h  p r o v id e d  t h e  s t i m u l u s . f o r  t h e i r  

m i g r a t i o n .  I t  must be  e m p h a s is e d  t h a t  g e n e r a l l y  t h e  p r o c e s s  

o f  s e p a r a t i o n  i s  e x t r e m e l y  r a p id  s o  t h a t  o n ly  o c c a s i o n a l l y  th e  

a c t u a l  s t e p s  b y  w h ic h  i t  i s  a c c o m p l i s h e d  can  be f o l l o w e d .

Carbon p a r t i c l e s  i n  t h e  form  o f  i n d i a  in k  ap p ear  t o  be  l e s s  

i r r i t a t i n g  t h a n  some o f  t h e  o t h e r  s u b s t a n c e s  u s e d ;  a f t e r  

i n j e c t i o n  o f  t h i s  s u b s t a n c e  i n t o  t h e  t r a c h e a  d e sq u a m a tio n  o f  

c e l l s  i s  l e s s  r a p i d ,  and t h e  s t a g e s  i n  th e  f o r m a t io n  o f  th e  

a l v e o l a r  p h a g o c y t e s  a r e  more r e a d i l y  o b s e r v e d .  A f t e r  s e p a r a 

t i o n  from  t h e  w a l l  t h e  c y to p la s m  o f  th e  c e l l s  becom es more 

abundant and t h e  s h a r p  a n g l e s  became ro u n d ed . The n u c le u s  

does n o t  I n c r e a s e  p r o p o r t i o n a l l y  and rem ain ed  r e l a t i v e l y  s m a l l .  

Som etim es t h e  l i n i n g  c e l l s  d esq u am ated  i n  a s m a l l  s h e e t ,  and  

formed s m a l l  m u l t i n u c l e a t e d  c e l l s  a s  e a r l y  a s  i f -  hou rs a f t e r  

th e  i n t r o d u c t i o n  o f  t h e  i r r i t a n t  ( f i g .  78 ) ;  i n  th e  l o n g e s t  

exp erim en t i n  t h i s  s e r i e s ,  I . e .  96 h o u r s ,  s u c h  c e l l s  a r e  f a i r l y  

numerous i n  some p a r t s  o f  t h e  lu n g  ( f i g .  79 ) .  I n  some

a l v e o l i  th e  a p p e a r a n c e s  s u g g e s t  t h a t  s e p a r a t e  c e l l s  h ave  f u s e d  

to  form g i a n t  c e l l s  b u t  i t  i s  n o t  p o s s i b l e  t o  s t a t e  d e f i n i t e l y
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th e  modes I n  w h ic h  a l l  th e  g i a n t  c e l l s  h ave  a r i s e n .  The 

c u b o id a l  n u c l e a t e d  or  " s e p t a l "  c e l l s  a l s o  p l a y  a p a r t  i n  t h e  

f o r m a t io n  o f  t h e  m o n o n u c le a r  p h a g o c y t e s .  T hese  c e l l s  do n o t  

seem t o  p o s s e s s  much c a p a c i t y  t o  i n g e s t  f o r e i g n  m a t t e r  a s  lo n g  

as t h e y  a r e  i n  t h e  a l v e o l a r  w a l l ,  p r o b a b ly  b e c a u s e  th e  s u r f a c e  

th ey  n o r m a l ly  e x p o s e  t o  t h e  a l v e o l u s  i s  s m a l l  b u t  t h e y  r e a d i l y  

u n d ergo  ch a n g e s  w h ic h  l e a d  t o  t h e i r  a c t i v e  p a r t i c i p a t i o n  in  

th e  r e a c t i v e  p r o c e s s .  When a b o u t  t o  m ig r a te  i n t o  t h e  a i r  s a c s  

th e y  becom e i n c r e a s i n g l y  v a c u o l a t e d  and s w o l l e n  ( f i g s .  77,85 )

s o  t h a t  t h e y  p r o j e c t  from  t h e  s p a c e  i n  w h ic h  t h e y  l i e .  They  

th en  g r a d u a l l y  d e t a c h  t h e m s e lv e s  and e n t e r  t h e  a l v e o l u s  a s  f r e e  

c e l l s  o f  o v a l  or  rou n a  s n a p e .  O c c a s i o n a l l y  t h e y  ap p ear  t o  

m ig ra te  i n t o  t h e  a l v e o l u s  on t h e  o p p o s i t e  s i d e  o f  th e  septum  

from t h a t  t o  w h ic h  t h e y  a c t u a l l y  b e l o n g ,  and th e y  c o u ld  th en  

be s e e n  p a s s i n g  b e tw e e n  th e  c e l l s  o f  t h e  l i n i n g ,  a s  e lo n g a t e d  

or c o n s t r i c t e d  c e l l s  l i k e  l e u c o c y t e s  i n  t h e  a c t  o f  m ig r a t in g  

from b lo o d  v e s s e l s  ( f i g . 80 ) ;  t h e s e  a r e  th e  c e l l s  w h ich  Permar

(1920) d e s c r i b e d  u n d er  t h e  i m p r e s s io n  t h a t  t h e y  a r o s e  from  th e  

e n d o th e liu m  o f  t h e  i n t e r a l v e o l a r  c a p i l l a r i e s .  A f t e r  a s h o r t  

time t h e  p h a g o c y t e s  d e r i v e d  from  th e  tw o d i f f e r e n t  t y p e s  o f  

a lv e o la r  l i n i n g  c e l l s  become i n d i s t i n g u i s h a b l e ;  b o t h  appear  

as round or  o v a l  c e l l s  w i t h  a r e l a t i v e l y  s m a l l  n u c le u s  and 

bulky c y t o p la s m  c o n t a i n i n g  i n g e s t e d  f o r e i g n  m a t te r  and f r e q u e n t 

ly g lo b u le s  o f  f a t t y  m a t e r i a l .  In  th e  e x p e r im en t  o f  l o n g e s t



262

d u r a t io n  i n  t h i s  s e r i e s ,  i . e .  96 h o u r s ,  t h e  m a j o r i t y  o f  t h e  

p h a g o c y te s  a r e  s t i l l  w i t h i n  th e  a i r  v e s i c l e s ;  l i t t l e  or no 

e v id e n c e  o f  m i g r a t i o n  t o  t h e  ly m p h a t ic s  i s  s e e n ,  b u t  a s m a l l  

number o f  t h e  h e a v i l y  la d e n  c e l l s  a p p ea r e d  t o  be i n  c o u r s e  o f  

e x c r e t i o n  b y  way o f  th e  a i r  p a s s a g e s .

In  s p i t e  o f  t h e  p r e v io u s  i n t e n s e  v i t a l  s t a i n i n g  o f  th e  

a n im a ls  and  t h e  c o n t in u e d  a d m i n i s t r a t i o n  o f  t h e  dye s o  t h a t  th e  

plasma c o n t a i n e d  a la r g e  amount o f  s t a i n  th ro u g h o u t  th e  e x p e r i 

m en ts ,  t h e  d e g r e e  o f  s t a i n i n g  i n  th e  a l v e o l a r  p h a g o cy te s  i s  

e x tr e m e ly  v a r i a b l e  n o t  o n l y  a s  betv /een  one a n im a l and a n o th e r  

but a l s o  i n  d i f f e r e n t  p a r t s  o f  th e  lu n g s  o f  t h e  same a n im a l ,  

though a s  a  r u l e  m o st  o f  t h e  c e l l s  show l i t t l e  s t a i n i n g .  A
p

s i m i l a r  r e s u l t  has  b e e n  o b s e r v e d  b y  o t h e r s  ( C a r le t o n  1927)  

and seems t o  d ep en d  on th e  d e g r e e  o f  s t a i n i n g  o f  th e  a l v e o l a r  

c e l l s  p r i o r  t o  t h e  i n t r a t r a c h e a l  i n j e c t i o n .  T h is  a p p ea rs  from  

the f a c t  t h a t  i n  th e  e x p e r im e n ts  o f  |  t o  4  h o u r s '  d u r a t io n ,  

i * e .  th o s e  i n  w h ic h  th e  i n t e r v a l  was l e s s  th a n  t h a t  r e q u ir e d  

fo r  th e  new f o r m a t io n  o f  i n t r a c e l l u l a r  dye g r a n u l e s ,  th e  n ew ly  

formed a l v e o l a r  p h a g o c y t e s  e x h i b i t e d  m inor d e g r e e s  o f  v i t a l  

s t a in in g  a t  l e a s t  i n  some p a r t  o f  th e  lu n g ,  th o u g h  th e  d eg ree  

° f  s t a i n i n g  v a r i e d  e v e n  i n  a d j a c e n t  a l v e o l i .  In  th e  su b 

p le u r a l  a l v e o l i  th e  c e l l s  te n d  t o  c o n t a in  more tr y p a n  b lu e  

than i n  t h e  c e n t r a l  p a r t  o f  th e  lu n g ,  i r r e s p e c t i v e  o f  the  

smount o f  p a r t i c u l a t e  m a t te r  w h ic h  had e n t e r e d  th e  a l v e o l u s .



I t  I s  c l e a r  t h a t  i n  t h e s e  s h o r t  e x p e r im e n t s  t h e  n e w ly  form ed  

v i t a l l y  s t a i n e d  p h a g o c y t e s  m ust have a l r e a d y  c o n t a i n e d  dye  

g r a n u le s  when t h e  p a r t i c u l a t e  m a t t e r  was i n t r o d u c e d .  In  th e  

lo n g e r  e x p e r i m e n t s ,  4 t o  96 h o u r s ,  no c o n s t a n t  or  n o t e w o r th y  

i n c r e a s e  i n  t h e  d e g r e e  o f  v i t a l  s t a i n i n g  i s  o b s e r v e d ,  a s  com

pared w i t h  t h e  s h o r t  p e r io d  e x p e r i m e n t s .  D u r in g  t h e  lo n g e r  

i n t e r v a l  t h e  f l a t t e n e d  d esq u am ated  c e l l s  and t h e  m ig r a te d  

c u b o id a l  c e l l s  e n l a r g e  and  become o v a l  or  rou n d ed  u n t i l  u l t i 

m a te ly  t h e y  a r e  i n d i s t i n g u i s h a b l e  from  one a n o t h e r ,  b u t  t h e s e  

changes a r e  n o t  a cco m p a n ie d  b y  an y  p r o g r e s s i v e  i n c r e a s e  i n  th e  

d egree  o f  v i t a l  s t a i n i n g .  Y e t  h e r e  and t h e r e  more i n t e n s e l y  

s t a i n e d  c e l l s  a r e  fo u n d  e s p e c i a l l y  i n  t h e  s u b p l e u r a l  a l v e o l i  

( f i g .  81 ) .  P o s s i b l y  t h i s  i s  t h e  r e s u l t  o f  s t i m u l a t i o n  by th e  

i n j e c t e d  i r r i t a n t  a t  a t im e  when t h e  p lasm a i s  s a t u r a t e d  w i t h  

d y e . i t  I s  a l s o  n o te w o r th y  t h a t  i n  some a n im a ls  t h e r e  were  

f o c i  o f  i n t e r s t i t i a l  and a l v e o l a r  in f la m m a to r y  change c l e a r l y  

of lo n g e r  d u r a t i o n  th a n  th e  e x p e r im e n t a l  pulm onary i r r i t a t i o n ;  

in  th e s e  a r e a s  t h e  m o n o n u c lea r  c e l l s  a r e  n o t  more i n t e n s e l y  

s ta in e d  th a n  t h o s e  p ro d u ced  by th e  e x p e r im e n t .  In  some a n im a ls  

e ‘g* G .P .6 , k i l l e d  3 0  h ou rs  a f t e r  i n t r a t r a c h e a l  i n j e c t i o n ,  a 

r e l a t i v e l y  l a r g e  amount o f  in k  has p e n e t r a t e d  i n t o  some a l v e o l i  

th e s e  a r e a s  t h e  e x u d a te  i s  more abundant and t h e  desquam ated  

a lv e o la r  e p i t h e l i a l  c e l l s  a r e  a ccom p an ied  b y  polym orphs and 

monocytes ( f i g . 82 ) .  B o th  th e  l a t t e r  t y p e s  o f  c e l l  a r e  a l s o
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p h a g o c y t i c ,  b u t ,  a s  o t h e r  e x p e r im e n ts  h ave  show n, t h e s e  c e l l s  

te n d  t o  m ig r a t e  r e l a t i v e l y  l a t e ;  h en ce  b e f o r e  t h e i r  a p p e a r 

ance  i n  t h e  a l v e o l i  m ost o f  t h e  ca rb o n  has b e e n  i n g e s t e d  by  

th e  d e sq u a m a ted  l i n i n g  c e l l s .  The g r a n u le s  o f  th e  polym orphs  

are  u s u a l l y  l i g h t l y  s t a i n e d  w i t h  t h e  t r y p a n  b l u e ,  and some o f  

th e  m o n o cy te s  a l s o  e x h i b i t  commencing dye s t o r a g e .  In  t h e s e  

more s e v e r e l y  a f f e c t e d  a r e a s  o n ly  a  few  a l v e o l a r  e p i t h e l i a l  

c e l l s  r e m a in  i n  s i t u ; t h e s e  a r e  s w o l l e n  and v a c u o la t e d  b u t  a s  

a r u l e  e x h i b i t  en h a n ced  d e g r e e s  o f  v i t a l  s t a i n i n g  o n ly  i f  t h e y  

happen t o  h ave  ta k e n  up  c a r b o n  p a r t i c l e s .

The e v i d e n c e  p r o v id e d  b y  t h e s e  e x p e r im e n ts  c l e a r l y  p o in t s  

t o  t h e  a l v e o l a r  l i n i n g  c e l l s  as th e  f i r s t  l i n e  o f  d e f e n c e  in  

th e  lu n g  parenchym a. The e p i t h e l i a l  c e l l s  are r a p i d l y  shed  

and assum e a  p h a g o c y t i c  f u n c t i o n ;  m on ocytes  a re  o n ly  o c c a s i o n 

a l l y  p r e s e n t  and are a lw a y s  accom panied  b y  po lym orp hs; bu t  

v i t a l  s t a i n i n g  o f  t h e  a c t i v e l y  p h a g o c y t ic  c e l l s  i s  r e l a t i v e l y  

s c a n ty  and b e a r s  no c o n s t a n t  r e l a t i o n  t o  t h e  c o n d i t i o n s  o f  

the e x p e r im e n t .

An a t t e m p t  was n e x t  made t o  d e term in e  w h ether  th e  t r a c e s  

of v i t a l  s t a i n i n g  n o t e d  i n  th e  p h a g o c y t ic  c e l l s  o f  th e  a l v e o l a r  

exudate  i n  th e  p r e v io u s  e x p e r im e n ts  were p r e s e n t  i n  th e  c e l l s  

p r io r  t o  t h e  i n t r o d u c t i o n  o f  t h e  i r r i t a n t  or w h eth er  t h e y  a r o s e  

a r e s u l t  o f  s t i m u l a t i o n  b y  th e  i n g e s t e d  f o r e i g n  m a t e r i a l .
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A r a b b i t  o f  2  k i l o s  w e ig h t  was v i t a l l y  s t a i n e d  b y  6 

i n j e c t i o n s  o f  t r y p a n  b l u e .  The b lo o d  serum  was exam ined  a t  

i n t e r v a l s ,  and a f t e r  f o u r  weeks o n ly  t r a c e s  o f  dye w ere p r e s e n t  

in  t h e  serum  a l t h o u g h  th e  a n im a l  s t i l l  e x h i b i t e d  w e l l  marked 

b lu e  s t a i n i n g .  11 c . c .  o f  5 p e r  c e n t ,  l i t h i u m  carm ine was 

th e n  g i v e n  i n t r a v e n o u s l y ,  and im m e d ia te ly  t h e r e a f t e r  2*5  c . c .  

o f  1 p er  c e n t .  I n d ia  in k  was i n j e c t e d  i n t r a t r a c h e a l l y . The 

an im al was k i l l e d  a f t e r  26 h o u r s .

M i c r o s c o p i c a l l y  t h e r e  i s  an  a c t i v e  p h a g o c y t ic  r e a c t i o n  i n  

th e  a l v e o l i ,  b u t  t h e  m a j o r i t y  o f  t h e  c e l l s  a r e  rounded and o n ly  

o c c a s i o n a l l y  a r e  f l a t t e n e d  c e l l s  s e e n  i n  th e  a c t  o f  desquam a

t i o n .  Many o f  t h e  c u b o id a l  n u c l e a t e d  c e l l s  a r e  more s w o l l e n  

and v a c u o l a t e d  th a n  i n  n orm al a n i m a l s ,  b u t  n e i t h e r  t h e y  nor  

the f r e e  p h a g o c y t e s  a s  a r u l e  show an y  t r a c e  o f  carm ine s t a i n 

in g .  O c c a s i o n a l l y  a  f r e e  c e l l  or a  s w o l l e n  v a c u o la t e d  c e l l  

show a  few  f a i n t  carm ine  g r a n u l e s ,  b u t  t h i s  i s  e x c e p t i o n a l .

None o f  t h e  a l v e o l a r  p h a g o c y t e s  show an y  t r a c e  o f  tr y p a n  b l u e ,  

a lth o u g h  t h e  h i s t i o c y t e s  o f  t h e  lu n g  strom a and e ls e w h e r e  s t i l l  

c o n ta in  a  c o n s i d e r a b l e  amount o f  t h e  d y e .  The l a t t e r  a l s o  

show d e f i n i t e  carm in e  s t a i n i n g  w h ic h  i s  f a r  i n  e x c e s s  o f  t h a t  

shown b y  b o t h  f r e e  and a t t a c h e d  a l v e o l a r  c e l l s .  From t h i s  

o b s e r v a t io n  i t  may be c o n c lu d e d  t h a t  n e i t h e r  th e  f r e e  p h a g o cy te s  

° f  th e  a l v e o l i  n o r  t h e i r  p r o g e n i t o r s  e x h i b i t  much c a p a c i t y  t o  

absorb and s t o r e  d y e s t u f f s  p r e s e n t  i n  th e  c i r c u l a t i n g  b lo o d ,
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ev en  when i n  a  m i l d l y  s t i m u l a t e d  c o n d i t i o n .  As n o t e d  i n  norm al  

a n im a l s ,  t h e  a l v e o l a r  e p i t h e l i a l  c e l l s  a p p e a r  t o  s t o r e  v i t a l  

s t a i n s  o n l y  when t h e  c e l l s  o f  th e  body w h ic h  a re  more d i r e c t l y  

co n c e r n e d  w i t h  i n t r a c e l l u l a r  dye s t o r a g e ,  i . e .  th e  r e t i c u l o 

e n d o t h e l i a l  s y s t e m ,  a r e  p r a c t i c a l l y  s a t u r a t e d  w i t h  t h e  d y e .

I n t r a t r a c h e a l  i n j e c t i o n  o f  s o l u b l e  d y e s .

The a c t i o n  o f  d y e s  in t r o d u c e d  d i r e c t l y  i n t o  t h e  a l v e o l i  

was i n v e s t i g a t e d  i n  o r d e r  t o  d e te r m in e  w h e th er  t h e  a l v e o l a r  

p h a g o cy te s  w ere  c a p a b le  o f  s t o r i n g  th e  v i t a l  s t a i n s  i f  b ro u g h t  

in t o  d i r e c t  c o n t a c t  w i t h  th em . I n  s u c h  e x p e r im e n ts  i t  i s  

u n n e c e s s a r y  t o  add p a r t i c u l a t e  m a t t e r  t o  th e  f l u i d  i n j e c t e d  

t o  s t i m u l a t e  t h e  a l v e o l a r  c e l l s ,  s i n c e  a s  has p r e v i o u s l y  b een  

n o ted ,  t h e  dye s o l u t i o n s  a r e  p er  s e  c a p a b le  o f  p ro d u c in g  a 

m ild  in f la m m a to r y  r e a c t i o n  a t  t h e  s i t e  o f  i n j e c t i o n .

I n t r a t r a c h e a l  i n j e c t i o n  o f  n e u t r a l  r e d .

In  v ie w  o f  t h e  e x trem e  r a p i d i t y  w i t h  w h ich  c e l l s  become 

f r e e  i n  th e  a l v e o l i  and e x e r c i s e  t h e i r  p h a g o c y t ic  a c t i o n  ( s e e  

ta b le  IV) th e  e f f e c t  o f  i n t r a t r a c h e a l  i n j e c t i o n  o f  n e u t r a l  red  

was s t u d i e d  t o  s e e  w h e th e r  th e  d esq u a m a tio n  o f  l i n i n g  c e l l s  

p r e v io u s ly  n o t e d  was a ccom p an ied  b y  any n o tew o r th y  a l t e r a t i o n  

iu  t h e i r  r e a c t i o n  t o  s u p r a v i t a l  s t a i n s . A c c o r d in g ly  i n  some 

animals n e u t r a l  r e d  s a l i n e  o f  v a r io u s  s t r e n g t h s  was i n j e c t e d
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i n t o  t h e  lu n g s  a f t e r  d e a t h  from  e x s a n g u i n a t i o n  and t h e  a n im a l  

was in c u b a t e d  a t  3 7 °G . f o r  10  t o  2 0  m in u t e s ;  t h e  lu n g s  w ere  

th e n  rem o v ed , and  p o r t i o n s  w ere  f i x e d  a s  b e f o r e  and f r e s h  

p r e p a r a t io n s  w ere a l s o  e x a m in e d .  In  o t h e r  a n im a ls  th e  lu n g s  

were f i r s t  rem oved and p e r f u s e d  t i l l  f r e e  from b lo o d ;  s a l i n e  

c o n t a i n i n g  n e u t r a l  r e d  was th e n  i n j e c t e d  th ro u g h  t h e  b r o n c h i ,  

and t h e  lu n g s  su s p e n d e d  i n  a f u r t h e r  q u a n t i t y  o f  t h e  same 

f l u i d  w ere i n c u b a t e d  f o r  v a r y in g  I n t e r v a l s  up t o  2 0  m in u te s  

a t  3 7 °C •

In  s e c t i o n s  o f  lu n g s  f i x e d  10 t o  2 0  m in u te s  a f t e r  i n t r a 

t r a c h e a l  i n j e c t i o n  o f  n e u t r a l  r e d ,  th e  a p p ea r a n c e s  d i f f e r  

m arkedly  from  t h o s e  a f t e r  in t r a v e n o u s  i n j e c t i o n  o f  t h i s  d y e .  

Many o f  t h e  d u s t  c e l l s  e x h i b i t  p ron ou n ced  n e u t r a l  r e d  g r a n u la 

t i o n ,  b u t  o t h e r s  th o u g h  a p p a r e n t ly  e q u a l l y  e x p o s e d  t o  th e  

a c t i o n  o f  t h e  dye f a i l  t o  become s t a i n e d .  The a l v e o l i  c o n t a i n  

many more f r e e  c e l l s  th a n  a r e  a p p a r e n t  i n  norm al a n im a ls  or 

in  t h o s e  a f t e r  in t r a v e n o u s  i n j e c t i o n ,  and t h i s  i s  c l e a r l y  due 

t o  th e  s t i m u l a t i n g  a c t i o n  o f  th e  dye s o l u t i o n .  W ith th e  h ig h  

d i l u t i o n s  ( 1 / 4 0 , 0 0 0 )  t h e  f r e e  c e l l s  c o n t a i n  r a t h e r  s m a l l  and  

p o o r ly  s t a i n e d  g r a n u le s  a s  n o te d  i n  th e  t e a s e d  p r e p a r a t io n s  

(p . 247 ) ,  b u t  w i t h  s t r o n g e r  s o l u t i o n s  ( 1 / 1 0 , 0 0 0  t o  1 /1 0 0 0 )

the s t a i n i n g  i s  more i n t e n s e  and th e  g r a n u le s  a r e  l a r g e r  and 

more numerous • I t  i s  n o t  c l e a r  w h eth er  t h e s e  r e p r e s e n t  m ere ly  

s t a i n i n g  o f  t h e  r e f r a c t i l e  d r o p l e t s  p r e v i o u s l y  d e s c r i b e d ,  or

I
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w h e th e r  t h e r e  i s  a l s o  e n la r g e m e n t  o f  t h e  g r a n u le s  and v a c u o le s  

o f  a  s e g r e g a t i o n - a p p a r a t u s , due t o  t h e  s t i m u l a t i n g  a c t i o n  o f  

th e  s t r o n g  s o l u t i o n  o f  n e u t r a l  r e d .  As h a s  b een  a lread y-  

p o in t e d  o u t  i t  i s  n o t  p o s s i b l e  t o  d i f f e r e n t i a t e  b e tw e e n  t h e s e  

s t r u c t u r e s  w i t h  c e r t a i n t y  i n  t h e  c y to p la s m  o f  i n t a c t  c e l l s  

when s t a i n e d  w i t h  n e u t r a l  r e d .  The n ew ly  form ed f r e e  a l v e o l a r  

c e l l s  a p p e a r  t o  be  d e r i v e d  from  th e  l i n i n g  c e l l s  s i n c e  i n  

a l v e o l i  i n  w h ic h  f r e e  s u p r a v i t a l l y  s t a i n e d  c e l l s  a r e  abundant  

th e  e p i t h e l i a l  l i n i n g  c e l l s  a r e  much l e s s  numerous th a n  in  

norm al a n i m a l s .  N e v e r t h e l e s s  i t  i s  t o  b e  n o t e d  t h a t  a few  

l i n i n g  c e l l s  a r e  s t i l l  p r e s e n t  i n  some a l v e o l i ,  and t h e s e  g iv e  

a much l e s s  s t r i k i n g  n e u t r a l  r e d  r e a c t i o n  th a n  do th e  f r e e  

c e l l s  i n  t h e  a i r  s p a c e s .  E x s a n g u in a t io n  has no a p p r e c ia b le  

e f f e c t  on t h e  number o f  n e u t r a l  r e d  s t a i n e d  c e l l s  w h ich  appear  

in  th e  a l v e o l i  a f t e r  i n t r a t r a c h e a l  i n j e c t i o n  o f  t h e  dye 

s o l u t i o n .  A c c o r d in g ly  i t  i s  c l e a r  t h a t  t h e  l a t t e r  m ust be 

d e r iv e d  from  c e l l s  i n  or  on th e  a l v e o l a r  w a l l s .  The a p p ea r 

ances i n d i c a t e  t h a t  b o t h  f l a t t e n e d  and c u b o id a l  n u c le a t e d  c e l l s  

take p a r t  i n  t h e  p r o c e s s .

Prom s i m i l a r  e x p e r im e n ts  Gardner and Sm ith  (1 9 2 7 )  have  

s t a t e d  t h a t  s i n c e  t h e  c u b o id a l  n u c le a t e d  c e l l s  ( s e p t a l  c e l l s )  

e x h ib i t  numerous i r r e g u l a r  n e u t r a l  r e d  s t a i n e d  g r a n u le s  a f t e r  

i n t r a t r a c h e a l  i n j e c t i o n  o f  t h e  dye s o l u t i o n  t h e y  must t h e r e f o r e  

be h i s t i o c y t e s .  I t  must be p o in t e d  o u t ,  h ow ever , t h a t  t h e s e
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a u th o r s  u s e d  n e u t r a l  r e d  In  a  c o n c e n t r a t i o n  o f  1 /1 5 0 0  w h ich  

n o t o n l y  c a u s e s  a  c o n s i d e r a b l e  i n c r e a s e  i n  t h e  s i z e  and number 

o f  t h e  n e u t r a l  r e d  g r a n u le s  d i s p l a y e d  i n  s u s c e p t i b l e  c e l l s ,  

but i t  i s  a l s o  c a p a b le  o f  s t a i n i n g  t h e  r e f r a c t l l e  l i p o i d  d r o p 

l e t s  w h ic h  h ave  a l r e a d y  b e e n  d i s c u s s e d .  T h e ir  e v id e n c e  ca n n o t  

t h e r e f o r e  be a c c e p t e d  a s  p r o v in g  th e  h i s t i o c y t i c  n a tu r e  o f  th e  

s e p t a l  c e l l s .  As r e g a r d s  th e  d e g r e e  o f  s t a i n i n g  n o t e d  i n  th e  

f r e e  c e l l s  w h ic h  h ave  m ig r a te d  from  th e  a l v e o l a r  w a l l s  i n  

r e s p o n s e  t o  t h e  s t i m u l u s  p r o v id e d  b y  th e  i n t r a t r a c h e a l  i n j e c t i o n  

of dye s o l u t i o n ,  i t  m ust be  e m p h a s ise d  t h a t  t h e  e x t e n t  o f  th e  

s e g r e g a t io n - a p p a r a t u s  a s  shown i n  a c t i v e l y  p h a g o c y t ic  c e l l s  by  

s u p r a v i t a l  s t a i n i n g  i s  m e r e ly  an  i n d i c a t i o n  o f  t h e  f u n c t i o n a l  

a c t i v i t y  o f  t h e  c e l l s  a t  t h e  t im e  o f  e x a m in a t io n ,  and does n o t  

perm it o f  a n y  i n f e r e n c e  a s  t o  th e  o r i g i n  or  norm al c o n d i t i o n  o f  

the r e a c t i n g  c e l l s .

I n t r a t r a c h e a l  I n j e c t i o n  o f  t r y p a n  b l u e .

A g u i n e a - p i g  was i n t e n s e l y  s t a i n e d  l n t r a v l t a m  b y  r e p e a t e d  

i n t r o p a r i t o n e a l  i n j e c t i o n s  o f  v i t a l  new r e d  ( s e e  p .  22 ) .

After 16 weeks a minute fragment of subcutaneous tissue was 

removed and examined in spread preparations, and the presence 

°f fa irly  numerous intensely stained intracellular granules in 

the histiocytes was determined. Then 1 c.c. of 1 per cent, 

trypan blue was injected intratracheally, and the animal was
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k i l l e d  a f t e r  24  h o u r s . The b lo o d  p lasm a was fo u n d  t o  be  

d e f i n i t e l y  b lu e  s t a i n e d  sh o w in g  t h a t  a b s o r p t i o n  o f  t h e  dye had  

o c c u r r e d .  M i c r o s c o p i c a l l y  t h e  a l v e o l i  c o n t a in e d  numerous 

m on onuclear  c e l l s ,  th e  m a j o r i t y  b e i n g  o f  rou n d ed  shape  and  

l y i n g  f r e e  i n  t h e  a i r  s p a c e .  In  a d d i t i o n  t o  t h e  ca rb o n  th e  

d u st  c e l l s  n e a r l y  a l l  show g r a n u le s  d e e p l y  s t a i n e d  w i t h  th e  

b lu e  dye ( f i g .  83 ) .  Here and t h e r e  a c e l l  ca n  be s e e n

e x h i b i t i n g  t r y p a n  b l u e  g r a n u l a t i o n  f l a t t e n e d  a lo n g  or o t h e r 

w ise  a t t a c h e d  t o  t h e  a l v e o l a r  w a l l ,  b u t  t h i s  i s  e x c e p t i o n a l .

In  a l v e o l i  c o n t a i n i n g  many f r e e  p h a g o c y te s  th e  norm al l i n i n g  

c e l l s  a re  s c a n t y  and may a p p ea r  t o  be  a b s e n t ,  b u t  In  o th e r s  

im m ed ia te ly  a d j a c e n t  i n  w h ic h  o n ly  one or two f r e e  c e l l s  a r e  

p r e s e n t ,  t h e  f l a t t e n e d  and  c u b o id a l  c e l l s  i n  s i t u  a r e  e a s i l y  

see n  and a r e  u s u a l l y  f r e e  from  dye g r a n u le s  ( f i g .  83 ) .  The 

h i s t i o c y t e s  o f  t h e  i n t e r s t i t i a l  t i s s u e  o f  t h e  lu n g  and o th e r  

organs c o n t a i n  numerous g r a n u le s  o f  t h e  p r e v i o u s l y  a d m in is t e r e d  

v i t a l  new r e d ,  b u t  no t r a c e  o f  t h i s  dye i s  p r e s e n t  In  t h e  

a lv e o la r  e p i t h e l i u m  or i n  t h e  f r e e  c e l l s  o f  th e  a l v e o l a r  

ex u d a te .  From t h e s e  r e s u l t s  i t  may be  c o n c lu d e d  t h a t  w h i le  

the f r e e  c e l l s  p o s s e s s  t h e  c a p a c i t y  t o  s t o r e  v i t a l  s t a i n s  i f  

the dye i s  p r e s e n t  i n  t h e i r  e n v ir o n m e n t ,  c o n t a c t  w i t h  th e  dye  

s o lu t io n  i s  n o t  i n  i t s e l f  s u f f i c i e n t  t o  b r in g  a b o u t  v i t a l  

s ta in in g  o f  a l l  t h e  a l v e o l a r  l i n i n g  c e l l s .

I t  w o u ld  a p p e a r  from  o t h e r  e x p e r im e n ts  o f  t h i s  n a tu r e  a l s o
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t h a t  t h e  f l a t t e n e d  n u c l e a t e d  c e l l s  and t h e  c u b o i d a l  s e p t a l  

c e l l s  e x h i b i t  v e r y  l i t t l e  c a p a c i t y  t o  s t o r e  s o l u b l e  d y e s  when 

i n  an  u n s t i m u l a t e d  s t a t e  and i n  t h e i r  n orm al p o s i t i o n ,  b u t  when 

i n  a  s t i m u l a t e d  c o n d i t i o n  e s p e c i a l l y  when t h e y  a re  a b o u t  t o  

l e a v e  t h e i r  n o rm a l s i t e  i n  or  on t h e  a l v e o l a r  w a l l s  t o  e n t e r  

th e  a i r  s p a c e  t h e i r  c a p a c i t y  f o r  v i t a l  s t a i n i n g  may become  

en h a n ced . The f l a t t e n e d  c e l l s  ap p ear  t o  desquam ate  v e r y  

r a p i d l y  and t h e i r  i n c r e a s e d  a v i d i t y  f o r  v i t a l  s t a i n s  i s  s e e n  

u s u a l l y  o n l y  a f t e r  t h e y  have become f r e e  i n  th e  a l v e o l i .

In t h e  c a s e  o f  th e  c u b o i d a l  c e l l s  ( s e p t a l  c e l l s )  m ig r a t io n  

occu rs  more s l o w l y  p r o b a b ly  on a c c o u n t  o f  t h e  a n a t o m ic a l  s i t u a 

t i o n  o f  t h e  c e l l s  i n  th e  i n t e r c a p i l l a r y  s p a c e s ;  th e  a l t e r a t i o n  

in  t h e i r  f u n c t i o n a l  a c t i v i t y  i s  shown b y  in c r e a s e d  s w e l l i n g  and  

v a c u o l a t i o n  o f  t h e  c y t o p la s m  w h ic h  p r o tr u d e s  from  th e  sp a ce  

in  w h ich  i t  n o r m a l ly  l i e s .  D u r in g  t h i s  t im e  th e  c a p a c i t y  t o  

c o n c e n tr a te  s o l u b l e  v i t a l  s t a i n s  i n  th e  form  o f  g r a n u le s  i s  

i n c r e a s i n g ,  and i f  t h e  s t i m u l a t e d  c e l l s  rem ain  i n  c o n t a c t  w i t h  

the a l v e o l a r  w a l l  f o r  a  s u f f i c i e n t l y  lo n g  p e r io d  w h i le  i n t r a 

c e l l u l a r  g r a n u le s  are  d e v e l o p i n g  we have t h e n  th e  ap p earan ce  

of v i t a l l y  s t a i n e d  l i n i n g  c e l l s  i n  s i t u  ( f i g .  83 )•  As has  

a lrea d y  b e e n  p o i n t e d  o u t c e l l s  may p erform  a norm al f u n c t i o n  

as l i n i n g  u n i t s ,  e . g .  th e  e n d o t h e l i a l  c e l l s  o f  th e  s i n u s o i d s  

of th e  l i v e r  and  s p l e e n ,  b u t  may on p r o l i f e r a t i o n  g i v e  r i s e  t o  

c e l l s  w i t h  tw o d i f f e r e n t  s e t s  o f  f u n c t i o n s  (a )  t h o s e  w h ich  

continue t o  a c t  a s  l i n i n g  c e l l s ,  and (b )  t h o s e  w h ich  d e v e lo p
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i n t o  h i g h l y  p h a g o c y t i c  c e l l s  a n ch o red  t o  t h e  w a l l  b u t  f l o a t i n g  

in  th e  s l o w l y  c i r c u l a t i n g  b lo o d  ( s e e  p p . 104-106 ) .  S i m i l a r l y

i n  th e  lu n g  a l v e o l i  th e  c u b o i d a l  s e p t a l  c e l l s  may g i v e  r i s e  

t o  tv/o s e t s  o f  c e l l s  w i t h  w i d e l y  d i f f e r e n t  p r o p e r t i e s  (a )  l i n i n g  

c e l l s  -  t h e  f l a t t e n e d  n u c l e a t e d  sq u a m es , and (b )  th e  p h a g o c y t ic  

d u st  c e l l s  o f  t h e  a l v e o l i .  Upon s t i m u l a t i o n ,  h o w ev er , th e  

f l a t t e n e d  squam es may a l s o  become p h a g o c y t ic  and desquam ate  

i n t o  t h e  a i r  s p a c e ;  when i n  t h e  f r e e  s t a t e  t h e y  become rounded  

and r e v e r t  t o  a c o n d i t i o n  w h e r e in  t h e y  a r e  i n d i s t i n g u i s h a b l e  

from t h e  p h a g o c y t e s  p rod u ced  d i r e c t l y  b y  t h e  c u b o id a l  s e p t a l  

c e l l s .  J u s t  a s  has b e e n  o b s e r v e d  i n  t h e  s i n u s o i d s  o f  t h e  l i v e r  

and s p l e e n ,  t h e  c e l l s  w h ic h  c o n t in u e  t o  f u n c t i o n  as l i n i n g  

c e l l s  show r e l a t i v e l y  l i t t l e  c a p a c i t y  t o  s t o r e  v i t a l  s t a i n s ,  

whereas t h o s e  w h ic h  become a c t i v e l y  p h a g o c y t ic  d e v e lo p  t h i s  

c a p a c i t y  i n  h i g h  d e g r e e .

I n  v ie w  o f  t h e  above r e s u l t s  F r i e d ' s  s t a t e m e n t  (1 9 2 7 )  

th a t  t h e  p h a g o c y t i c  a l v e o l a r  c e l l s  a r e  m esenchym al h i s t i o c y t e s  

cannot be a c c e p t e d .  From e x p e r im e n ts  o f  a s i m i l a r  n a tu r e  t o  

those d e s c r i b e d  ab ove  and y i e l d i n g  s i m i l a r  r e s u l t s  he has co n 

cluded t h a t  b e c a u s e  t h e  p h a g o c y t ic  c e l l s  become s t a i n e d  w i th  

s o lu b le  d y e s ,  t h e y  m ust t h e r e f o r e  be  h i s t i o c y t e s .  In  F r i e d ' s  

experim ents  r e p e a t e d  i n t r a t r a c h e a l  i n j e c t i o n s  o f  dye produce  

marked h y p e r p l a s i a  o f  t h e  a l v e o l a r  l i n i n g  s o  t h a t  the  a i r  

spaces came t o  be  l i n e d  b y  a co m p le te  la y e r  o f  c u b i c a l  c e l l s
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s i m i l a r  t o  t h o s e  o b s e r v e d  b y  Young (1 9 2 8 )  i n  e x p e r im e n t a l  

h y p e r p l a s i a  and b y  Cowdry (1 9 2 5 )  i n  t h e  lu n g s  o f  s h e e p  s u f f e r 

in g  from  " j a g z i e k t e ." T hese  c u b i c a l  l i n i n g  c e l l s  rem a in ed  

u n s t a i n e d  a l t h o u g h  t h e  f r e e  p h a g o c y te s  i n  th e  lumen o f  th e  

v e s i c l e s  w ere  h e a v i l y  la d e n  w i t h  d y e .

Are t h e  a l v e o l a r  p h a g o c y t e s  d e r i v e d  from  m o n o c y te s ?

Attempts were made to ascertain whether any considerable 

proportion of the alveolar exudate cells were derived from the 

circulating monocytes. Accordingly experiments were carried 

out in which a proportion of these cells were demarcated by 

the intravenous injection of suspens old preparations, e.g.

In d ia  in k  and s a c c h a r a t e d  o x id e  o f  i r o n .

( a )  A r a b b i t  was i n t e n s e l y  s t a i n e d  b y  r e p e a t e d  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  tr y p a n  b l u e ;  12 d ays a f t e r  th e  l a s t  

i n j e c t i o n  o f  dye t h e  a n im a l  r e c e i v e d  an in tr a v e n o u s  i n j e c t i o n  

of I n d ia  in k  and im m e d ia te ly  t h e r e a f t e r  2  c . c .  o f  f i n e  carm ine  

s u s p e n s io n  i n  s a l i n e  was i n j e c t e d  i n t o  th e  t r a c h e a .  The r a b b i t  

was k i l l e d  a f t e r  f i v e  h o u r s . The b lo o d  serum c o n t a in e d  a 

sm all amount o f  t r y p a n  b lu e  and t h e r e  was * s m a l l  amount o f  

ink s t i l l  f r e e  i n  t h e  c i r c u l a t i o n  a t  th e  t im e  o f  d e a t h .  The 

b - i s t lo c y t e s  o f  t h e  i n t e r s t i t i a l  t i s s u e  were h e a v i l y  s t a i n e d  

with tr y p a n  b lu e  b u t  c o n t a i n  no in k  g r a n u l e s .  The i n t r a v a s c u la r  

Polymorphs c o n t a i n e d  no ca rb o n  p a r t i c l e s  b u t  a c o n s id e r a b le
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proportion of the intravascular monocytes had taken up carbon 

particles. The injected carmine was widely distributed 

throughout the lungs and was chiefly in the alveoli, the bronchi 

showing only traces of pigment on their walls.

Microscopically the greater part of the carmine is already 

intracellu lar being contained within large rounded phagocytes 

with vacuolated cytoplasm, many of which show small granules 

of soot finely dispersed throughout their cytoplasm. This 

carbon is readily distinguished from phagocytosed ink as the 

la tte r forms much denser and more closely aggregated black 

deposits than the finely dispersed particles of anthracotic 

pigment seen in such animals ( f ig .84 ). The alveolar phago

cytes appear to be derived chiefly from the cuboidal nucleated 

cells, and the flattened cells seen so frequently in the guinea- 

pig are less obvious. All stages in the formation of free 

phagocytes can be seen, the cells swelling and becoming more 

vacuolated before fina lly  desquamating into the alveoli. The 

Intravenously injected ink is distributed irregularly through

out the lungs, some areas being free while in others the ink 

forms heavy deposits on the capillary walls amounting to 

capillary emboli (fig. 84 )• No actual phagocytosis by the

capillary endothelial cells has occurred and i t  is clear that 

the ink has not passed through the capillary walls in this 

situation as i t  may do elsewhere (see p.  138 ); the injected
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in k  d o e s  n o t  t h e r e f o r e  g a i n  a c c e s s  t o  t h e  a l v e o l a r  l i n i n g  c e l l s .  

F r e q u e n t ly  th e  l a t t e r  can  be  s e e n  i n  th e  a c t  o f  m i g r a t i o n  from  

th e  w a l l  w here t h e y  h a v e  b e e n  l y i n g  i n  c o n t a c t  w i t h  c a p i l l a r i e s  

a lm o st  p lu g g e d  w i t h  i n k ,  y e t  t h e  m ig r a t in g  c e l l s  c o n t a i n  no in k  

bu t o n ly  i n g e s t e d  c a r m in e .  In  some a l v e o l i  a c o n s id e r a b le  

number o f  polym orphs a r e  p r e s e n t  and a r e  accom p an ied  b y  a few  

m onocytes w h ic h  c o n t a i n  s m a l l  d e n se  carb on  d e p o s i t s  ( f i g .  84  )

Only a few  o f  t h e s e  b lo o d  c e l l s  have t a k e n  up carm ine g r a n u le s ;  

p ro b a b ly  t h e  g r e a t e r  p a r t  o f  t h e  carm ine was a l r e a d y  i n t r a 

c e l l u l a r  when t h e  polym orphs and  m on ocytes  e n t e r e d  th e  a l v e o l i .

(b )  A mouse r e c e i v e d  an  in t r a v e n o u s  i n j e c t i o n  o f  in d ia  

ink and im m e d ia t e ly  t h e r e a f t e r  un der  e t h e r  a n a e s t h e s i a  a s m a l l  

q u a n t i t y  o f  f i n e  carm ine s u s p e n s i o n  was i n j e c t e d  i n t o  th e  

n o s t r i l s ,  th e  a n im a l  b e in g  h e l d  v e r t i c a l l y  f o r  a few  moments.

I t  was k i l l e d  a f t e r  24 h o u r s .

M i c r o s c o p i c a l l y  t h e  i n j e c t e d  carm ine i s  found i n  t h e  

a l v e o l i  w here i t  has  c a l l e d  f o r t h  a la r g e  number o f  p h a g o c y t ic  

c e l l s .  The m a j o r i t y  o f  t h e s e  a r e  rounded  and l i e  f r e e  i n  th e  

a l v e o l i ;  a  few  c o n t a i n  f i n e l y  d i s p e r s e d  ca rb o n  p a r t i c l e s  o f  

n a tu r a l  o r i g i n ,  i n d i c a t i n g  t h a t  t h e y  a re  p r e - e x i s t i n g  d u s t  

c e l l s  w h ich  h a v e  s u b s e q u e n t ly  ta k e n  up ca rm in e . There i s  

p r a c t i c a l l y  no d e p o s i t i o n  o f  in k  on th e  c a p i l l a r y  w a l l s  a t  t h i s  

s ta g e ,  and o n ly  a few  o f  th e  c i r c u l a t i n g  m onocytes  now c o n t a in  

carbon p a r t i c l e s  th o u g h  i t  i s  p ro b a b le  t h a t  s u c h  c e l l s  were  

®uch more numerous s o o n  a f t e r  i n j e c t i o n .
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( c )  A r a b b i t  r e c e i v e d  10 c . c .  o f  10 p er  c e n t ,  s a c c h a r a t e d  

o x id e  o f  i r o n  s u s p e n s o i d  i n  d i s t i l l e d  w a te r  i n t r a v e n o u s l y ,  and  

im m e d ia te ly  t h e r e a f t e r  u n d er  e t h e r  a n a e s t h e s i a  2 c . c .  o f  1 p er  

c e n t ,  d ia m in e  f a s t  s c a r l e t  was i n j e c t e d  i n t o  t h e  t r a c h e a .

The a n im a l  was k i l l e d  a f t e r  3 0  h o u r s . M i c r o s c o p i c a l l y  th e  

a l v e o l i  c o n t a i n  numerous l a r g e  m on on u clear  p h a g o c y te s  w i t h  

abundant dye  g r a n u l e s ,  b u t  t h e  m a j o r i t y  o f  t h e s e  a re  o v a l  or 

rounded and a r e  f r e e  i n  t h e  a i r  s p a c e s  ( f i g . 85 ) .  Only r a r e l y  

are v i t a l l y  s t a i n e d  c e l l s  s e e n  i n  s i t u  on t h e  a l v e o l a r  w a l l .

Many o f  th e  c u b o i d a l  n u c l e a t e d  c e l l s  e x h i b i t  v e r y  pronounced  

s w e l l i n g  and  v a c u o l a t i o n ,  b u t  have n o t  ta k e n  up th e  i n j e c t e d  

dye ( f i g . 85 ) .  Many o f  t h e  f r e e  p h a g o c y te s  e x h i b i t  f i n e l y  

d i s p e r s e d  c a rb o n  g r a i n s  i n  t h e i r  c y t o p la s m ,  th u s  p r o v in g  t h a t  

t h i s  p ig m en t i s  o f  n a t u r a l  o r i g i n .  None o f  th e  la r g e  f r e e  

c e l l s  i n  t h e  a l v e o l i  show an y  t r a c e  o f  i r o n ,  and th e  a l v e o l a r  

l i n i n g  c e l l s  a r e  l i k e w i s e  i r o n - f r e e .  A few o f  t h e  c i r c u l a t i n g  

m onocytes s t i l l  g i v e  a d e f i n i t e  p r u s s ia n  b lu e  r e a c t i o n  ( f i g . 85 ) .  

In p l a c e s  w h ere  a  l a r g e r  amount o f  dye has p e n e t r a t e d  i n t o  th e  

a l v e o l i  numerous polym orphs a re  p r e s e n t ,  and many show v i t a l  

s t a i n i n g  o f  t h e i r  s p e c i f i c  g r a n u l e s .  In  t h e s e  a r e a s  mono

c y te s  a r e  a l s o  p r e s e n t  i n  s m a l l  numbers and show commencing 

v i t a l  s t a i n i n g  b y  th e  d ia m in e  f a s t  s c a r l e t .  Many o f  th e s e  

sm all m o n o n u c lea rs  show t r a c e s  o f  i r o n  th u s  d i f f e r i n g  from th e  

a lv e o la r  p h a g o c y t e s  o f  e p i t h e l i a l  o r i g i n ,  bu t a t  t h i s  s t a g e



o f  t h e  r e a c t i o n  s u c h  c e l l s  a r e  e a s i l y  d i s t i n g u i s h e d  from  th e  

l a r g e r  e p i t h e l i a l  p h a g o c y t e s  b y  t h e i r  s i z e  and g e n e r a l  

m o rp h o lo g y .

Prom t h e s e  t h r e e  e x p e r im e n ts  i t  i s  c l e a r l y  d e m o n str a te d  

t h a t  t h e  a l v e o l a r  l i n i n g  c e l l s  a r e  t h e  s o u r c e  o f  th e  f r e e  

p h a g o c y t e s ,  and t h e r e  i s  no e v i d e n c e  t o  s u g g e s t  t h a t  th e  

m on ocytes  p l a y  an y  n o te w o r th y  p a r t  i n  th e  p r o d u c t io n  o f  th e  

a l v e o l a r  p h a g o c y t e s  u n d er  t h e s e  c o n d i t i o n s .  In  a r e a s  In  

w hich  t h e  r e a c t i o n  h a s  b e e n  more s e v e r e  ow ing t o  th e  p e n e t r a 

t i o n  o f  a  l a r g e r  amount o f  t h e  i r r i t a n t  in t r o d u c e d  i n t o  th e  

t r a c h e a ,  p o ly m o r p h o n u c le a r  l e u c o c y t e s  a r e  fou n d  i n  t h e  a l v e o l i  

ih  c o n s i d e r a b l e  numbers and  a r e  accom p an ied  b y  m o n o cy te s .

The l a t t e r  ty p e  o f  c e l l  has n o t  b e e n  o b s e r v e d  t o  e n t e r  th e  

a l v e o l i  e x c e p t  u n d er  t h e s e  c i r c u m s t a n c e s .  In  s u c h  c a s e s  I t  

i s  Im p ortan t t o  n o te  t h a t  many o f  t h e  m on ocytes  e x h i b i t  th e  

s p e c i f i c  v i t a l  s t a i n i n g  em ployed  t o  dem arcate  t h i s  c l a s s  o f  

c e l l ,  th u s  s h o w in g  t h a t  t h e  p ro ced u re  has b een  s u c c e s s f u l  I n  

i t s  p u r p o s e . E ven a p a r t  from  t h e  e v id e n c e  o f  g e n e r a l  s t r u c 

ture and s i t e  o f  o r i g i n ,  t h e  a b s e n c e  from th e  r e a c t i n g  a l v e o l a r  

c e l l s  o f  t h e  s p e c i f i c  v i t a l  s t a i n i n g  c h a r a c t e r i s t i c  o f  m onocytes  

d em on strates  c l e a r l y  t h a t  th e  fo r m e r  c a n n o t  be c o n s id e r e d  t o  

a r is e  i n  an y  n o t e w o r th y  p r o p o r t io n  from c e l l s  o f  m onocyte t y p e .
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DISCUSSION.

Under n a t u r a l  c o n d i t i o n s  I n h a le d  p a r t i c u l a t e  m a t te r  a c t s  

as a m i l d  I r r i t a n t  i n  th e  lu n g s  and i s  d i s p o s e d  o f  b y  phago

c y t o s i s .  Much d i s c u s s i o n  has c e n t e r e d  round th e  o r i g i n  o f  

th e  p h a g o c y t i c  c e l l s .  The o ld e r  v ie w  was t h a t  t h e y  w ere  o f  

e p i t h e l i a l  o r i g i n ,  d e r i v e d  from t h e  c e l l s  l i n i n g  th e  a l v e o l i .  

The p o s s e s s i o n  o f  p h a g o c y t i c  p r o p e r t i e s  b y  e p i t h e l i a l  c e l l s  

w as, h o w e v e r ,  c a l l e d  i n  q u e s t i o n  b y  H aythorn  (1 9 1 3 )  and o th e r  

A m erican w o rk ers  who s t a t e d  t h a t  t h e y  w ere  o f  e n d o t h e l i a l  

o r i g i n  and e n d e a v o u r e d  t o  s u p p o r t  t h i s  v iew  b y  e x p e r im e n ts  

w it h  i n t r a v i t a m  s t a i n i n g .  A c c o r d in g ly  I  have a t te m p te d  t o  

c o r r e l a t e  t h e  r e s u l t s  o f  v a r io u s  v i t a l  s t a i n i n g  m ethods i n  th e  

hope t h a t  c o n c l u s i v e  e v id e n c e  m ig h t  t h e r e b y  be o b t a in e d  a s  t o  

the  n a t u r e  and o r i g i n  o f  t h e s e  c e l l s .

Prom th e  e x p e r im e n ts  r e c o r d e d  above i t  i s  c l e a r  t h a t  when 

p a r t i c u l a t e  m a t t e r  g a i n s  a c c e s s  t o  t h e  a l v e o l i  t h e  f i r s t  l i n e  

of d e f e n c e  i n  t h e  lu n g s  l i e s  i n  t h e  c e l l s  w h ich  l i n e  th e  

a l v e o l i  and t e r m i n a l  r a m i f i c a t i o n s  o f  th e  b r o n c h i a l  p a s s a g e s  

( a t r i a  and  a l v e o l a r  d u c t s ) .  The h i s t o l o g i c a l  e v id e n c e  by  

i t s e l f  s t r o n g l y  s u p p o r t s  t h i s  c o n c l u s i o n ,  and th e  e v id e n c e  

a f fo r d e d  b y  v i t a l  s t a i n i n g  I s  s u f f i c i e n t  t o  r u l e  o u t o th e r  

sources  o f  t h e s e  c e l l s .

The l o c a l  h i s t i o c y t e s  o f  th e  i n t e r s t i t i a l  t i s s u e  o f  the  

lung a re  i n  no way c o n c e r n e d  i n  th e  r e a c t i o n .  S in c e  th e y
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become h e a v i l y  s t a i n e d  b y  t h e  s o l u b l e  d y es  i n j e c t e d ,  e . g .  

tr y p a n  b lu e  t h e y  a r e  r e a d i l y  i d e n t i f i e d ,  and t h e r e  i s  no  

e v id e n c e  t h a t  s u c h  c e l l s  w ander i n t o  t h e  a l v e o l i  and ta k e  p a r t  

in  th e  p h a g o c y t i c  p r o c e s s  a t  an y  s t a g e .  The p a r t i c i p a t i o n  o f  

desquam ated  c e l l s  from  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  -  b lo o d  

h i s t i o c y t e s  -  i s  a l s o  c o m p l e t e l y  n e g a t iv e d  b y  t h e  e v id e n c e  

p r e s e n t e d  a s  t h e s e  c e l l s  a l s o  a r e  h e a v i l y  s t a i n e d .  The o n ly  

p o s s i b l e  s o u r c e s  from  w h ic h  th e  r e a c t i n g  c e l l s  m ig h t  be d e r iv e d  

are t h e  a l v e o l a r  l i n i n g  c e l l s ,  t h e  e n d o t h e l i a l  c e l l s  o f  th e  

i n t e r a l v e o l a r  c a p i l l a r i e s  or th e  m o n o cy tes  from th e  c i r c u l a t i n g  

b lo o d .  The e v i d e n c e  t h a t  th e  a l v e o l a r  e p i t h e l i a l  c e l l s  a re  

the  e le m e n t s  c o n c e r n e d  i s  a s  f o l l o w s .  The f l a t t e n e d  l i n i n g  

c e l l s  h ave  b e e n  o b s e r v e d  t o  i n g e s t  f i n e l y  d i v i d e d  p a r t i c u l a t e  

m atter  w h i l e  s t i l l  i n  s i t u ; t h e y  th e n  r a p i d l y  desquam ate i n t o  

th e  a i r  s p a c e s  i n  t h e  form o f  a n g u la r  c e l l s  w h ic h  so o n  in c r e a s e  

in  s i z e  and become r o u n d e d . The c u b o id a l  n u c le a t e d  c e l l s  a l s o  

take p a r t  i n  t h e  p r o c e s s  and m ig r a te  a c t i v e l y  i n t o  t h e  a i r  

spaces  w here t h e y  ta k e  up t h e  i n j e c t e d  p a r t i c u l a t e  m a t t e r .

The e f f e c t  o f  p r e v io u s  v i t a l  s t a i n i n g  o f  th e  an im al on  

the n ew ly  form ed a l v e o l a r  p h a g o c y te s  i s  v e r y  v a r i a b l e  and i t  

i s  im p o s s ib l e  t o  s t a t e  why some o f  t h e s e  c e l l s  show s t a i n i n g  

while i n  o t h e r s  i t  i s  q u i t e  a b s e n t .  T his  v a r i a b i l i t y  has  b een  

noted b y  o t h e r s  ( C a r l e t o n  2 1 9 2 7 ) ,  b u t  th e  u n d e r ly in g  r e a s o n  

is  c e r t a i n l y  n o t  t h a t  a d van ced  b y  Permar (1 9 2 0 )  who s u g g e s t e d
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t h a t  I t  was due t o  r a p i d  d is a p p e a r a n c e  o f  t h e  dye from  th e  

b lo o d  s tr e a m  s o  t h a t  no dye was a v a i l a b l e  t o  th e  c e l l s  a t  th e  

t im e  when t h e y  w ere  a l t e r i n g  t h e i r  f u n c t i o n a l  a c t i v i t i e s .

In my e x p e r im e n t s  t h i s  c o n t in g e n c y  has b een  p r o v id e d  f o r ,  and  

i n  a l l  t h e  a n im a ls  shown i n  t a b l e  IV a l a r g e  amount o f  dye  

was i n  c i r c u l a t i o n  th r o u g h o u t  t h e  e n t i r e  p e r io d  o f  th e  e x p e r i 

m en t . In  t h e s e  a n im a ls  f i n e  v i t a l l y  s t a i n e d  g r a n u le s  a re  

s e e n  In  some o f  t h e  e x u d a te  c e l l s  a t  an e a r l y  s t a g e ,  b u t  th e  

d eg ree  o f  s t a i n i n g  I s  e x t r e m e ly  v a r i a b l e  e v en  in  a n im a ls  k i l l e d  

a t  a p p r o x im a t e ly  t h e  same i n t e r v a l  a f t e r  i n t r o d u c t i o n  o f  th e  

i r r i t a n t .  I t  i s  p r o b a b le  t h a t  t h i s  i r r e g u l a r i t y  i n  th e  v i t a l  

s t a i n i n g  o f  th e  a l v e o l a r  p h a g o c y t e s  depends p a r t l y  on th e  

v a r i a b i l i t y  i n  t h e  s t a i n i n g  o f  th e  l i n i n g  c e l l s  p r e v i o u s l y  

n o ted  i n  t h e  n orm al l u n g .  In  p a r t  a l s o  th e  v a r i a b i l i t y  depends  

on th e  l e n g t h  o f  t im e  w h ic h  e l a p s e s  b e tw e e n  th e  s t i m u l a t i o n  o f  

th e  c e l l s  and t h e i r  s e p a r a t i o n  from t h e  a l v e o l a r  w a l l  and th u s  

from t h e i r  s o u r c e  o f  a v a i l a b l e  d y e .  Those w hich  r e a c t  r a p i d l y  

and s o  l e a v e  t h e  a l v e o l a r  w a l l  a lm o s t  im m e d ia te ly  have l e s s  

o p p o r t u n it y  t o  a b s o r b  and c o n c e n t r a t e  t h e  dye th a n  t h o s e  w h ich  

co n tin u e  t o  l i e  i n  c o n t a c t  w i t h  t h e  b lo o d  c a p i l l a r i e s  f o r  a 

lon ger  p e r i o d .  As p r e v i o u s l y  p o in t e d  o u t  an i n t e r v a l  o f  a t  

l e a s t  s e v e r a l  h ou rs  i s  n e c e s s a r y  b e f o r e  i n t r a c e l l u l a r  dye  

gran u les  becom e v i s i b l e .  C o n ta c t  w i t h  t h e  v i t a l  s t a i n  i s  n o t ,  

however, i n  i t s e l f  s u f f i c i e n t  t o  produce v i t a l  s t a i n i n g  i n  su c h
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c e l l s ;  t h i s  a p p e a r s  from  t h e  f a c t  t h a t  a f t e r  I n t r a t r a c h e a l  

i n j e c t i o n  o f  d ye  th e  l i n i n g  c e l l s  i n  s i t u  a r e  u s u a l l y  u n s t a i n e d  

w h i le  t h o s e  f r e e  i n  t h e  a i r  s p a c e s  a r e  h e a v i l y  s t a i n e d .  A c t iv e  

s t o r a g e  o f  v i t a l  s t a i n  i s  t h e r e f o r e  an  i n d i c a t i o n  t h a t  th e  

f u n c t i o n  o f  t h e  c e l l  i s  u n d e r g o in g  t r a n s f o r m a t io n  from t h a t  o f  

a l i n i n g  c e l l  t o  one o f  a c t i v e  p h a g o c y t ic  c h a r a c t e r .

N o th in g  has b e e n  o b s e r v e d  t o  su p p o r t  P erm ar's  s t a t e m e n t  

(1 9 2 0 ,  1 9 2 7 )  t h a t  t h e  c a p i l l a r y  e n d o t h e l iu m  t a k e s  p a r t  i n  th e  

r e a c t i o n .

The r o l e  o f  t h e  m o n o cy tes  i s  more d i f f i c u l t  t o  a s s e s s ,  

but t h e  e v i d e n c e  p r o v id e d  b y  in t r a v e n o u s  i n j e c t i o n  o f  s u s p e n s o id  

p r e p a r a t io n s  d o e s  n o t  p o i n t  t o  a n y  n o te w o r th y  p a r t i c i p a t i o n  o f  

th e s e  c e l l s  i n  r e a c t i v e  p r o c e s s e s  i n  t h e  lu n g  un der  th e  c o n d i 

t i o n s  s t u d i e d .  Thus t h e  n e w ly  form ed a l v e o l a r  p h a g o c y te s  a re  

q u ite  f r e e  from  t h e  a g e n t  u s e d  when t h e  i n t r a v a s c u l a r  m on ocytes  

are lo a d e d  w i t h  t h e  i n j e c t e d  s u s p e n s o i d .  In  more s e v e r e  

in f la m m a to ry  c o n d i t i o n s  l e u c o c y t e s  from  th e  b lo o d  i n c l u d i n g  

m onocytes a l s o  t a k e  p a r t  i n  th e  r e a c t i v e  p r o c e s s  and m ig r a te  

in t o  th e  a l v e o l i .  T h ese  b lo o d  c e l l s  do n o t ,  h ow ev er ,  c o n s t i t u t e  

the f i r s t  l i n e  o f  d e f e n c e  and t h e y  make t h e i r  ap p ea ra n ce  o n ly  

a f t e r  a la p s e  o f  s e v e r a l  h o u r s .  At t h i s  t im e  t h e  r e a c t i v e  

process in d u c e d  b y  t h e  f o r e i g n  m a t e r i a l  i n j e c t e d  may be w e l l  

advanced, and t h e  g r e a t e r  p a r t  o f  t h e  p a r t i c u l a t e  m a t te r  may be 

already  e n g u l f e d  b y  p h a g o c y t e s .
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The c o n c l u s i o n  t h a t  t h e  a l v e o l a r  p h a g o c y t e s  a r e  d e r i v e d  from  

th e  n u c l e a t e d  c u b o i d a l  c e l l s  o f  th e  a l v e o l a r  l i n i n g  a g r e e s  w i t h  

t h a t  o f  m o st  o f  t h e  p r e v io u s  i n v e s t i g a t o r s  among whom may be  

m e n t io n e d  H erxh eim er  ( 1 9 0 3 )  B r i s c o e  (1 9 0 8 )  S e w e l l  (1 9 1 8 )

W esthues ( 1 9 2 2 ,  1 9 2 5 )  Seeman (1 9 2 5 ,  1 9 2 7 )  Kageyama (1 9 2 5 )  and  

F . G ross ( 1 9 2 7 ) .  M ost o f  t h e s e  w r i t e r s  em ployed  e i t h e r  i n t r a -  

v ita m  s t a i n i n g  m ethods o f  some k in d  or  i n t r a t r a c h e a l  i n j e c t i o n  

o f  f o r e i g n  p a r t i c l e s  ( c a r b o n ,  o x id e  o f  i r o n ,  t u b e r c l e  b a c i l l i ,  

q u a rtz  d u s t  e t c . ) .  A s c h o f f  ( 1 9 2 4 )  i n  a t t e m p t in g  t o  d e f i n e  t h e  

r e t i c u l o - e n d o t h e l i a l  s y s t e m  c o n s i d e r e d  t h a t  t h e  p o s s e s s i o n  o f  

p h a g o c y t ic  p r o p e r t i e s  a lo n e  was t o o  w id e s p r e a d  a f u n c t i o n  o f  

body c e l l s  t o  f u r n i s h  a s u f f i c i e n t l y  d i s c r i m i n a t i n g  c r i t e r i o n .  

W riters  who h ave  b e e n  u n a b le  t o  a c c e p t  th e  c o n c e p t i o n  o f  phago

c y t o s i s  b y  e p i t h e l i u m  h ave  on t h i s  ground d i s p u t e d  th e  e p i t h e l i a l  

o r i g i n  o f  t h e  pu lm onary  p h a g o c y t e s  and h ave  th u s  b een  f o r c e d  t o  

th e  v ie w  t h a t  s i n c e  t h e  a l v e o l a r  l i n i n g  c e l l s  o b v i o u s l y  become 

p h a g o c y t ic  t h e y  c a n n o t  be  e p i t h e l i a l .  A lth o u g h  e ls e w h e r e  th e  

d e f e n s iv e  m o n o n u c lea r  p h a g o c y te s  a re  u s u a l l y  o f  m esenchym al  

o r i g i n ,  p h a g o c y t o s i s  b y  e p i t h e l i a l  c e l l s  i s  b y  no means r a r e .

In e p i t h e l i a l  o rg a n s  u n d e r g o in g  a tr o p h y  ( G u i e y e s s e - P e l l i s s i e r  

1911, W e g e l in  1 9 2 1 )  and u n d er  a v a r i e t y  o f  p a t h o l o g i c a l  c o n d i 

t i o n s ,  e . g .  " c h r o n ic  m a s t i t i s , "  i n  t h e  c e n t r a l  n ervou s  sy stem  

(Lubar^h 1 9 2 1 )  and i n  tumour grow th , p h a g o c y t o s i s  b y  e p i t h e l i a l  

c e l l s  i s  f r e q u e n t l y  e n c o u n t e r e d .  I n  t i s s u e  c u l t u r e s  Sm ith  (1921)
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and L ew is  ( 1 9 2 5 )  h ave  o b s e r v e d  t h a t  b o t h  e p i t h e l i a l  and  

c o n n e c t i v e  t i s s u e  c e l l s  may a c t i v e l y  i n g e s t  p igm en t added  t o  

or o c c u r r i n g  n a t u r a l l y  i n  t h e  medium.

Summary.

The n orm al s t r u c t u r e  o f  th e  pulm onary a l v e o l i  i n  m ic e ,  

g u i n e a - p i g s  and r a b b i t s  has  b een  s t u d ie d  b y  t h e  a i d  o f  i n t r a -  

v i ta m  s t a i n i n g ,  i n  a d d i t i o n  t o  t h e  u s u a l  h i s t o l o g i c a l  m e th o d s .  

My o b s e r v a t i o n s  go  t o  show t h a t  th e  norm al l i n i n g  c o n s i s t s  o f

(a )  f l a t t e n e d  n u c l e a t e d  sq u a m es ,  w h ic h  form  t h e  g r e a t e r  p a r t  

o f  th e  a l v e o l a r  l i n i n g ;  t h e s e  c e l l s  i n t e r d i g i t a t e  w i t h  t h e  

f o l l o w i n g  tw o  t y p e s  o f  c e l l s ;  (b )  la r g e  f l a t  n o n - n u c le a t e d  

s q u a r e s ,  w h ic h  form  o n ly  a s m a l l  p a r t  o f  t h e  a l v e o l a r  l i n i n g  

and a p p ea r  t o  be  d e r i v e d  from  t h e  c e l l s  o f  t h e  f i r s t  group;

(c )  t h e  c u b o i d a l  n u c l e a t e d  c e l l s  o f  th e  i n t e r c a p i l l a r y  s p a c e s ,  

r e c e n t l y  c a l l e d  " s e p t a l  c e l l s . "  T h is  v ie w  i s  a t  v a r ia n c e  w i t h  

th a t  c u r r e n t l y  e x p r e s s e d ,  a c c o r d i n g  t o  w h ich  th e  a l v e o l a r  

l i n i n g  i s  com posed  e x c l u s i v e l y  o f  n o n - n u c le a t e d  squames and 

the c u b o id a l  s e p t a l  c e l l s .

A f t e r  i n t r a v i t a m  s t a i n i n g  w i t h  s o l u b l e  d yes  a d m in is t e r e d  

by th e  in t r a v e n o u s  i n t r a p e r i t o n e a l  or  su b c u ta n e o u s  r o u t e  th e  

c e l l s  l i n i n g  t h e  pulm onary a l v e o l i  show l i t t l e  or no e v id e n c e  

of v i t a l  s t a i n i n g  e x c e p t  i n  c o n d i t i o n s  o f  v e r y  i n t e n s e  a d m in is 

t r a t i o n .  A f t e r  i n t e n s e  t r e a t m e n t  t h e  e p i t h e l i a l  l i n i n g  c e l l s
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c o n t a i n  o n l y  a  s m a l l  number o f  f i n e  dye g r a n u l e s ;  b u t  th e  

d e g r e e  o f  s t a i n i n g  v a r i e s  g r e a t l y  i n  d i f f e r e n t  a n im a ls  and  

a l s o  i n  d i f f e r e n t  p a r t s  o f  th e  lu n g  o f  t h e  same a n im a l .  The 

h i s t i o c y t e s  o f  t h e  i n t e r s t i t i a l  t i s s u e  o f  t h e  lu n g  on t h e  o th e r  

hand becom e v e r y  d e e p l y  s t a i n e d  e v e n  a f t e r  s m a l l  d o s e s  o f  

t r y p a n  b l u e  and o t h e r  s o l u b l e  d y es  w h ich  a r e  i n s u f f i c i e n t  t o  

produce a n y  v i t a l  s t a i n i n g  o f  t h e  a l v e o l a r  e p i t h e l i u m ;  th e  

two t y p e s  o f  c e l l  c a n  th u s  be  s h a r p ly  d i s t i n g u i s h e d  from one 

a n o t h e r .

A f t e r  in t r a v e n o u s  i n j e c t i o n  o f  s u s p e n s o id  p r e p a r a t io n s  a 

p r o p o r t io n  o f  t h e  m o n o n u c lea r  l e u c o c y t e s  o f  t h e  b lo o d  i n g e s t  

th e  p a r t i c u l a t e  m a t t e r ,  b u t  no t r a c e  o f  t h e  i n j e c t e d  s u b s ta n c e  

i s  fo u n d  i n  t h e  a l v e o l a r  e p i t h e l i u m  or  i n  t h e  h i s t i o c y t e s  o f  

th e  lu n g  s tr o m a .

I n  o r d e r  t o  s t u d y  t h e  p h a g o c y te s  w h ic h  ap p ear  i n  r e s p o n s e  

t o  a m i l d  s t i m u l u s  a  c o n d i t i o n  o f  e x p e r im e n t a l  a n t h r a c o s i s  has 

been  p ro d u ced  i n  n orm al m ice  and  i n  m ice  p r e v i o u s l y  v i t a l l y  

s t a in e d  i n  a v a r i e t y  o f  w a y s .  S o o t  d e p o s i t e d  i n  th e  a l v e o l i  

by i n h a l a t i o n  i s  rem oved b y  t h e  a c t i o n  o f  m on on u clear  p h a g o cy te s  

but t h e  c e l l u l a r  r e s p o n s e  i s  l e s s  r a p id  th a n  t h a t  produced by  

i n t r a t r a c h e a l  i n j e c t i o n  o f  p a r t i c u l a t e  m a t te r  i n  a f l u i d  

medium. A c c o r d in g ly  th e  mode o f  f o r m a t io n  o f  th e  r e a c t i n g  

c e l l s  i s  d i f f i c u l t  t o  f o l l o w  i n  i n h a l a t i o n  e x p e r im e n ts  and th e  

amount o f  s o o t  t a k e n  up b y  i n d i v i d u a l  c e l l s  i s  g e n e r a l l y  s o
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g r e a t  t h a t  v i t a l  s t a i n i n g  i f  p r e s e n t  i s  o b s c u r e d .  The a p p e a r 

a n ces  i n d i c a t e ,  h o w e v e r ,  t h a t  t h e  r e a c t i n g  c e l l s  a r e  d e r i v e d  

from t h o s e  o f  t h e  a l v e o l a r  l i n i n g . The in h a le d  s o o t  i s  s u b s e 

q u e n t ly  rem oved c h i e f l y  b y  i n t r a c e l l u l a r  t r a n s p o r t  and i s  th u s  

p a ss e d  e i t h e r  i n t o  t h e  b r o n c h i a l  lum en t o  be e x p e l l e d  i n  th e  

ttputum, or  i s  c a r r i e d  i n t o  t h e  p e r i b r o n c h i a l  ly m p h a t ic s  t o  be  

d e p o s i t e d  i n  t h e  g la n d s  o f  t h e  h llu m  and m e d ia s t in u m .

P a r t i c u l a t e  m a t t e r  i n  a f l u i d  medium i n j e c t e d  i n t o  th e  

t r a c h e a  p e n e t r a t e s  i n t o  th e  a l v e o l i  and l e a d s  t o  a r a p id  m o b i l i 

s a t i o n  o f  m o n o n u c le a r  p h a g o c y t e s  w h ic h  a re  d e r i v e d  c h i e f l y  from  

th e  l i n i n g  e p i t h e l i u m .  The f l a t t e n e d  n u c le a t e d  squames and  

th e  c u b o i d a l  n u c l e a t e d  c e l l s  ( s e p t a l  c e l l s )  b o t h  ta k e  p a r t  i n  

th e  p r o c e s s ;  w h i l e  s t i l l  i n  s i t u  t h e y  b e g in  t o  i n g e s t  f i n e l y  

d iv id e d  p a r t i c u l a t e  m a t t e r ,  and th e  s u b s e q u e n t  p r o c e s s  o f  

d esq u am ation  and m o r p h o lo g ic a l  change t o  t y p i c a l  rounded f r e e  

m ononuclear p h a g o c y t e s  has  b een  f o l l o w e d  i n  d e t a i l .

F u r t h e r  e v i d e n c e  a s  t o  th e  o r i g i n  o f  th e  a l v e o l a r  phagor  

c y te s  has b e e n  o b t a in e d  b y  g i v i n g  i n t r a t r a c h e a l  i n j e c t i o n s  o f  

carbon s u s p e n s io n s  e t c .  t o  a n im a ls  w h ich  have b e e n  v i t a l l y  

s ta in e d  b y  r e p e a t e d  i n t r a p e r i t o n e a l  or in t r a v e n o u s  i n j e c t i o n s  

s o l u b l e  d y e s  ( t r y p a n  b lu e  e t c . ) .  In  o rd er  t o  o b t a in  d i s t i n c t  

vi t a l  s t a i n i n g  o f  th e  r e a c t i n g  a l v e o l a r  c e l l s  i n  s u c h  anima.ls i t  

is  e s s e n t i a l  t h a t  t h e y  s h o u ld  h ave  b een  p r e v i o u s l y  h i g h l y  

sa tu ra ted  w i t h  th e  dye and t h a t  a l a r g e  amount sh o u ld  a l s o  be
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p r e s e n t  i n  t h e  p lasm a d u r in g  t h e  p r o c e s s  o f  d e s q u a m a t io n .

Under t h e s e  c i r c u m s t a n c e s  t h e  a l v e o l a r  c e l l s  o c c a s i o n a l l y  

show much more i n t e n s e  v i t a l  s t a i n i n g  th a n  i s  o b t a in e d  i n  th e  

n orm al lu n g ,  and  t h i s  i s  no d o u b t  e x p l a i n e d  b y  t h e  s t i m u l a t e d  

c o n d i t i o n  o f  t h e  c e l l s . The d e g r e e  o f  v i t a l  s t a i n i n g  i n  th e  

pulm onary p h a g o c y t e s  i s  e x t r e m e ly  v a r i a b l e ,  and t h i s  i s  a t t r i 

b u te d  t o  two f a c t o r s ,  ( a )  t h e  v a r i a t i o n  i n  t h e  amount o f  v i t a l  

s t a i n i n g  i n  t h e  n o rm a l a l v e o l a r  e p i t h e l i u m  b e f o r e  th e  i n t r a 

t r a c h e a l  i n j e c t i o n  o f  th e  i r r i t a n t ,  and (b )  th e  l e n g t h  o f  t im e  

th e  r e a c t i n g  c e l l s  r em a in  i n  s i t u  on th e  a l v e o l a r  w a l l  a f t e r  

r e s p o n d in g  t o  th e  s t i m u l u s  o f  th e  p r e s e n c e  o f  p a r t i c u l a t e  

m a t t e r .  I t  I s  c l e a r  t h a t  th e  lo n g e r  a s t i m u l a t e d  c e l l  rem ains  

In i n t i m a t e  c o n t a c t  w i t h  t h e  d y e - c o n t a i n i n g  c a p i l l a r i e s  In  th e  

a l v e o l a r  w a l l  b e f o r e  d e sq u a m a tin g  t h e  g r e a t e r  w i l l  be  th e  

d e g r ee  o f  s t a i n i n g  i n  t h e  r e s u l t i n g  f r e e  p h a g o c y t e .

In  a n im a ls  In  w h ic h  a s  a r e s u l t  o f  in t r a v e n o u s  i n j e c t i o n  

o f  a s u s p e n s o i d  p r e p a r a t i o n  ( e . g .  I n d ia  in k  or s a c c h a r a t e d  

o x id e  o f  i r o n ) ,  a  p r o p o r t io n  o f  th e  m on ocytes  have b een  demar

c a t e d ,  no e v i d e n c e  has  b e e n  fo u n d  t o  s u g g e s t  t h a t  t h e s e  c e l l s  

take a n y  p a r t  i n  f u r n i s h i n g  p h a g o c y te s  t o  t h e  pulm onary a l v e o l i  

in  th e  m i l d  r e a c t i o n s  s p e c i a l l y  s t u d i e d .  I t  i s  p ro b a b le  t h a t  

m onocytes p a r t i c i p a t e  o n ly  when t h e  r e a c t i v e  p r o c e s s  i s  more 

I n t e n s e ,  and t h a t  t h e y  a r e  t h e n  g e n e r a l l y  accom panied  b y  o th e r  

blood l e u c o c y t e s ,  e . g .  p o ly m o rp h s .
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Y. The c e l l u l a r  r e a c t i o n s  f o l l o w i n g  mild, i r r i t a t i o n  o f  

t h e  p e r i to n e u m , w i t h  r e f e r e n c e  t o  t h e  o r i g i n  and  

n a t u r e  o f  t h e  m o n o n u c lea r  p h a g o c y t e s .

M ethods.

The r e a c t i o n  p ro d u ced  b y  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  b r o th  : 

i n  n o rm al a n im a ls  :

in  m ice v i t a l l y  s t a i n e d  by  su b c u tan eo u s  i n je c t i o n s  o f  dye :
(a )  d u r in g  th e  r e a c t i o n
(b) p r i o r  t o  th e  r e a c t i o n .

The r8 1 e  o f  t h e  c i r c u l a t i n g  m onocytes in  p e r i to n e a l  e x u d a te s  : 

The o x id a s e  r e a c t i o n  o f  th e  f r e e  e x u d a te  c e l l s ;

The r e a c t i o n  p roduced  by  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  
dy es  o f  g roup  ( b ) ;  d iam ine  f a s t  s c a r l e t ,  isam ine  b lu e ,  e t c .

The a b s o r p t io n  o f  dyes (d iam in e  f a s t  s c a r l e t ,  isam ine  b lu e  ) 
fro m  th e  p e rito n e u m .

C hanges in  th e  p e r i t o n e a l  t i s s u e s ,  omentum and m e s e n te r ie s , 
f o llo w in g  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 y es .

Changes in  th e  p e r i t o n e a l  m eso thelium .

The p e r i t o n e a l  r e a c t i o n  in  an im als  s ta in e d  by p rev io u 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  o f  dye.

D is c u s s io n  and Summary.
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In t h e  c o u r s e  o f  s t u d i e s  on i n t r a v i t a m  s t a i n i n g  i t  

was o b s e r v e d  t h a t  c e r t a i n  o f  t h e  d y e s  u s e d  a s  v i t a l  s t a i n a  

p ro d u ced  a  w e l l  marked c e l l u l a r  r e a c t i o n  a t  th e  s i t e  o f  

i n j e c t i o n ,  p a r t i c u l a r l y  when in t r o d u c e d  i n t o  a s e r o u s  s a c .  

H i t h e r t o  s u c h  r e a c t i o n s  h ave  r e c e i v e d  l i t t l e  a t t e n t i o n ,  and 

i t  h a s  n o t  b e e n  s u f f i c i e n t l y  r e a l i s e d  t h a t  t h e s e  s u b s t a n c e s  

p e r  s e  p r o d u ce  a m i ld  a s e p t i c  in f la m m a t io n .  T h is  p r o p e r t y  

i s  s h a r e d  in  v a r y i n g  d e g r e e  b y  t h e  m a j o r i t y  o f  t h e  d y e s  

u se d  a s  v i t a l  s t a i n s ,  and i t  may be  s t a t e d  t h a t  th e  c a p a c i t y  

t o  p r o d u ce  marked c e l l u l a r  r e a c t i o n s  i s  i n  i n v e r s e  p r o p o r t io n  

t o  t h e  d i f f u s i b i l i t y  and e a s e  o f  a b s o r p t i o n  o f  t h e  dye  

s o l u t i o n .  Thus d y e s  o f  group  ( a ) ,  e . g .  tr y p a n  b l u e ,  v i t a l  

new r e d ,  p ro d u ce  r e l a t i v e l y  s l i g h t  and t r a n s i e n t  e x u d a t io n  

o f  f l u i d  and c e l l s  when in t r o d u c e d  i n t o  th e  p er ito n e u m  in  

1*0 p e r  c e n t ,  s o l u t i o n ,  w h e r ea s  d y e s  o f  group ( b ) ,  e . g .  

i s a m in e  b l u e ,  d ia m in e  f a s t  s c a r l e t ,  g i v e  r i s e  t o  s e r o u s  

e x u d a t io n  w h ic h  p e r s i s t s  f o r  s e v e r a l  d a y s  and i s  accom panied  

by marked c e l l u l a r  e m ig r a t io n .

I t  a p p ea red  t h a t  th e  r e a c t i o n  to  t h e s e  s u b s ta n c e s  

o f f e r e d  a  f a v o u r a b l e  o p p o r t u n i t y  f o r  s t u d y in g  th e  la r g e  

m on on u clear  p h a g o c y t e s  w h ich  form so  p rom in en t a f e a t u r e  o f  

a r e s o l v i n g  p e r i t o n i t i s ,  and f o r  i n v e s t i g a t i n g  th e  r e l a t i o n  

o f  t h e s e  c e l l s  t o  t h e  m e so th e l iu m  and t o  th e  h i s t i o c y t e s  

o f  th e  s u r r o u n d in g  t i s s u e s .  A c c o r d in g ly  t h i s  a s p e c t  o f  

v i t a l  s t a i n i n g  h a s  b e e n  s t u d i e d  i n  more d e t a i l .
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I t  w as f e l t  t h a t  a d d i t i o n a l  i n f o r m a t io n  w ou ld  be  

o b t a in e d  b y  com p arin g  t h e  r e s u l t s  w i t h  t h o s e  f o l l o w i n g  th e  

i n t r a p e r i t o n e a 1 i n j e c t i o n  o f  o t h e r  m ild  i r r i t a n t s  i n  norm al  

a n im a ls  and i n  t h o s e  p r e v i o u s l y  v i t a l l y  s t a i n e d .

As i n  t h e  e a r l i e r  s t u d i e s ,  th e  term  " en d oth e liu m "  i s  

r e s t r i c t e d  t o  t h e  l i n i n g  c e l l s  o f  b lo o d  and ly m p h a t ic  

v e s s e l s ;  t h e  p e r i t o n e a l  l i n i n g  c e l l s  a r e  r e f e r r e d  t o  as  

m e s o th e l iu m  o r  s e r o s a l  c e l l s ;  "m onocyte" r e f e r s  t o  

m o n o n u c le a r  c e l l s  o f  t h e  b lo o d  and t i s s u e s  w h ich  show t h e  

c h a r a c t e r i s t i c  r e a c t i o n  t o  s u p r a v i t a l  s t a i n s ,  w h i l e  

" h i s t i o c y t e "  i s  a p p l i e d  t o  t h e  v i t a l l y  s t a i n i n g  w an d er in g  

c e l l s  o f  t h e  c o n n e c t i v e  t i s s u e s .  The term "macrophage"  

r e f e r s  t o  m o n o n u c le a r  c e l l s  i n  th e  s e r o u s  e x u d a te  or  

t i s s u e s  w h ic h  a r e  i n  an a c t i v e  o r  s t i m u l a t e d  c o n d i t i o n ,  a s  

i s  d e m o n s tr a te d  b y  t h e i r  b e in g  h i g h l y  p h a g o c y t i c ;  when 

s u p r a v i t a l l y  s t a i n e d  t h e y  e x h i b i t  a c h a r a c t e r i s t i c  

m orp h o lo g y  s i m i l a r  t o  t h a t  o f  h i s t i o c y t e s  in  an a c t i v e  p h a se .  

The nam e, h o w e v e r ,  c o v e r s  a group  o f  c e l l s  e x h i b i t i n g  

s i m i l a r  f u n c t i o n a l  c a p a c i t i e s  and c a r r i e s  no i m p l i c a t i o n  as 

t o  t h e i r  o r i g i n ,  w h ic h  i s  b e l i e v e d  t o  be  a t t r i b u t a b l e  to  

v a r io u s  s o u r c e s .

I  h a v e  a l r e a d y  d e s c r i b e d  i n  d e t a i l  th e  d i f f e r e n t  

a g e n t s  u se d  a s  v i t a l  s t a i n s ,  w i t h  t h e i r  d o s a g e ,  mode o f  

a d m i n i s t r a t i o n  and d i s t r i b u t i o n  in  th e  b o d y . I t  i s  

c o n v e n ie n t  t o  r e c a p i t u l a t e  h e r e  some p o i n t s  w h ic h  a r e



290

e s s e n t i a l  t o  th e  p r e s e n t  w ork.

In t h e  s u b p e r i t o n e a l  t i s s u e s  o f  r o d e n t s  e s p e c i a l l y  in  

t h e  omentum and m e s e n t e r i e s  t h e r e  a r e  c e l l u l a r  c o l l e c t i o n s  

around t h e  v e s s e l s  and i n  t h e  i n t e r v e n i n g  a v a s c u la r  

p o r t i o n s  -  t h e  a d v e n t i t i a l  s h e a t h s  and t h e  t a c h e s  

l a i t e u s e s .  T h ese  c o n s i s t  c h i e f l y  o f  s m a l l  round c e l l s  

r e s e m b l in g  ly m p h o c y te s  and m o n o cy tes  w i t h  a v a r y in g  p r o p o r t io n  

o f  l a r g e r  c e l l s ,  many o f  w h ich  a r e  h i s t i o c y t e s .  When v i t a l  

s t a i n i n g  i s  p ro d u ced  b y  r e p e a t e d  su b c u ta n e o u s  or  in t r a v e n o u s  

a d m i n i s t r a t i o n ,  t h e  h i s t i o c y t e s  r e a d i l y  become s t a i n e d  and 

a r e  th u s  e a s i l y  d i s t i n g u i s h e d  by t h e i r  c o n t e n t  o f  dye  

g r a n u le s  from  t h e  s m a l l e r  c e l l s  and from th e  f i b r o c y t e s  and 

m e s o t h e l iu m ,  b o t h  o f  w h ic h  s t o r e  o n ly  in  s m a l l  amounts v i t a l  

s t a i n s  c i r c u l a t i n g  i n  th e  b l o o d .  As w i l l  be shown l a t e r ,  

when d y e s  a r e  in t r o d u c e d  d i r e c t l y  i n t o  th e  p e r ito n e u m , th e  

s t a i n i n g  o f  c e l l s  b a th e d  d i r e c t l y  in  th e  d y e  i s  g r e a t l y  

i n c r e a s e d .

The p e r i t o n e a l  c a v i t y  o f  norm al m ice  c o n t a in s  a v e r y  

s m a l l  amount o f  f l u i d  i n  w h ic h  o n ly  a few c e l l s  a r e  p r e s e n t .

I  h ave  n o t  fou n d  i n  norm al m ice  th e  l a r g e  number o f  f r e e  

c e l l s  ( o v e r  1 0 0 ,0 0 0  p e r  c .m m .) d e s c r ib e d  b y  Nakahara ( 1 9 2 5 ) .

The c e l l s  b y  a l l  c r i t e r i a  f a l l  i n t o  t h r e e  g r o u p s :  ( a )  c e l l s

w ith  rounded  d e e p l y  s t a i n i n g  n u c l e i  and s c a n t y  b a s o p h i l i c  

c y to p la sm , numerous s h o r t  r o d l i k e  and g r a n u la r  m ito c h o n d r ia



and one o r  two t i n y  n e u t r a l  r ed  g r a n u le s  -  ly m p h o c y te s :

( b )  c e l l s  o f  s l i g h t l y  l a r g e r  s i z e  w i t h  o v a l  or  r e n i fo r m  

n u c l e i  and more ab u n d an t c y to p la s m ;  n e u t r a l  r ed  g r a n u le s  

a r e  o f  s m a l l  s i z e  and grou p ed  i n  th e  n u c le a r  i n d e n t a t i o n ,  

and m i t o c h o n d r ia  a r e  u s u a l l y  c l u s t e r e d  around them -  

m o n o c y t e s :  ( c )  c e l l s  s i m i l a r  t o  t h e  p r e v io u s  group  b u t

w i t h  more numerous n e u t r a l  r ed  g r a n u le s  i r r e g u l a r l y  

a r r a n g e d  and l e s s  p ro m in en t m i t o c h o n d r ia .  T hese  I r eg a rd  

a s  you n g  o r  imm ature m a c r o p h a g es ,  b u t  c o n s i d e r  t h a t  th e y  

c a n n o t  b e  s h a r p l y  s e p a r a t e d  from th e  c e l l s  o f  group  ( b ) .

Some s u c h  c e l l s  a r e  c o n s i d e r a b l y  l a r g e r  and a r e  f i l l e d  

w i t h  n e u t r a l  r ed  g r a n u l e s ;  t h e s e  a r e  f u l l y  d e v e lo p e d  

m a c r o p h a g e s .

In a n im a ls  v i t a l l y  s t a i n e d  by su b c u ta n e o u s  o r  i n t r a 

v e n o u s  i n j e c t i o n s  o f  d y e ,  th e  " s e g r e g a t i o n  v a c u o le s "  o f  

b o t h  t h e  f r e e  m o n o cy tes  and m acrophages  in  th e  s e r o u s  s a c s  

a r e  s t a i n e d  th o u g h  l e s s  d e e p ly  th a n  t h o s e  o f  th e  h i s t i o c y t e s  

i n  t h e  a d j a c e n t  t i s s u e s .
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METHODS.

The g e n e r a l  p la n  o f  th e  i n v e s t i g a t i o n  h a s  b e e n  a s  

f o l l o w s .  The m ic e  r e q u ir e d  f o r  e a c h  i n d i v i d u a l  e x p e r im e n t  

w e re  s e l e c t e d  from  t h e  s t o c k ,  and a s  f a r  a s  p o s s i b l e  young  

m ic e  o f  a b o u t  2 0  gm s. w e i g h t  w ere  em p lo y ed . The m a t e r i a l  

t o  p r o d u c e  t h e  r e a c t i o n  was i n j e c t e d  i n t o  th e  p er ito n e u m  

and t h e  e n s u in g  e x u d a te  a f t e r  s u i t a b l e  i n t e r v a l s  was w i t h 

drawn w i t h  a s e p t i c  p r e c a u t i o n s  b y  means o f  f i n e  s t e r i l e  

g l a s s  p i p e t t e s .  Som etim es t h e  e x u d a te  was exam ined  

r e p e a t e d l y  i n  t h e  same a n im a ls ;  a t  o t h e r  t im e s  a s e r i e s  o f  

a n im a ls  was p r e p a r e d  and one or  more k i l l e d  a t  i n t e r v a l s .  

V a r io u s  s u b s t a n c e s  h ave  b een  u se d  to  in d u c e  p e r i t o n e a l  

r e a c t i o n s ,  b u t  p a r t i c u l a r  a t t e n t i o n  has b e e n  d e v o te d  t o  th e  

r e s u l t s  f o l l o w i n g  t h e  i n t r o d u c t i o n  -o f  s t e r i l e  c o n c e n tr a te d  

m eat i n f u s i o n  b r o t h ,  and t o  th e  e f f e c t s  o f  d y e s  o f  th e  l e s s  

r a p i d l y  a b s o r b e d  t y p e ,  e . g .  i s a m in e  b lu e  and d ia m in e  f a s t  

s c a r l e t .  T h ese  s u b s t a n c e s  w ere  i n j e c t e d  i n  th e  d o s e  o f  

1 c . c .  p e r  2 0  gm. body w e i g h t ,  t h e  d y e s  b e in g  u sed  in  1 p er  

c e n t ,  s o l u t i o n  i n  d i s t i l l e d  w a t e r .  S u sp e n s io n s  o f  k i l l e d  

or  l i v i n g  o r g a n ism s  w ere  t r i e d  b u t  w ere  n o t  found s u i t a b l e  

owing t o  t h e  g r e a t e r  p a r t i c i p a t i o n  o f  p o lym orp h on u clear  

l e u c o c y t e s  from  t h e  b lo o d  w h ic h  ten d ed  t o  o b scu re  c e r t a i n  

p o in t s  on w h ic h  f u r t h e r  in f o r m a t io n  was d e s i r e d .  I t  was 

a l s o  fou n d  t h a t  i n g e s t e d  c o c c i  became d e e p ly  t in g e d  w i t h  

janus g r e e n  and g a v e  r i s e  t o  c o n f u s io n  w i t h  m ito c h o n d r ia .
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S i m i l a r  e x p e r im e n ts  w ere  perform ed  on a n im a ls  

p r e v i o u s l y  s t a i n e d  l n t r a  v l ta m  b y  r e p e a t e d  su b c u ta n e o u s  o r  

in t r a v e n o u s  i n j e c t i o n s  o f  d y e ,  and on a n im a ls  s t a i n e d  by  

i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  d y e  a f t e r  a l l o w i n g  a s u i t a b l e  

i n t e r v a l  f o r  t h e  s u b s id e n c e  o f  t h e  pr im ary  p e r i t o n e a l  

r e a c t i o n .  The p e r i t o n e a l  e x u d a te s  w ere  s t u d i e d  i n  th e  

l i v i n g  s t a t e  b y  t h e  s u p r a v i t a l  t e c h n iq u e  w i t h  n e u t r a l  r e d ,  

a lo n e  o r  i n  c o m b in a t io n  w i t h  ja n u s  g r e e n ,  b o t h  i n  i s o t o n i c  

s a l i n e  and b y  t h e  d r y - d y e  f i l m  m ethod p r e v i o u s l y  d e s c r i b e d .

I t  was fou n d  c o n v e n ie n t  t o  s t a i n  th e  l i v i n g  c e l l s  

s u p r a v i t a l l y  b y  t a k in g  up t h e  f r e s h  e x u d a te  i n t o  f i n e  g l a s s  

p i p e t t e s  p r e v i o u s l y  c o a t e d  i n t e r n a l l y  w i t h  a t h i n  f i l m  o f  

d r y  d y e  b y  p a s s i n g  th ro u g h  them th e  a l c o h o l i c  d y e  s o l u t i o n  

a lr e a d y  d e s c r i b e d  ( p .  35 } .  The d y e  r a p i d l y  d i s s o l v e d  in

th e  f l u i d  and s t a i n e d  th e  c e l l s  s u p r a v i t a l l y ;  f r e s h  

p r e p a r a t io n s  w ere  th e n  made on s l i d e s  and s e a l e d  w i t h  

p a r a f f i n .  F i lm s  w e re  a l s o  p rep a red  on c o v e r s l i p s  and 

f i x e d  i n  Z e n k e r - fo r m o l  or  d r i e d  i n  a i r ;  i n  t h i s  way a 

perm anent r e c o r d  o f  th e  n e u t r a l  red  s t a i n i n g  c o u ld  be  

o b t a in e d .  A t t h e  same tim e  c o n t r o l  p r e p a r a t io n s  w ere a lw ays  

made w i t h o u t  s u p r a v i t a l  s t a i n i n g ;  f i l m s  on c o v e r s l i p s  w ere  

f i x e d  w h i l e  w e t  i n  B o u in ' s  f l u i d ,  c o r r o s i v e  s u b l im a t e ,  

Z en k er 's  f l u i d  o r  10 p e r  c e n t .  Z e n k e r - fo r m o l ,  a s  demanded 

by th e  f i x a t i o n  r e q u ir e m e n ts  o f  th e  v i t a l  s t a i n s  employed  

and w ere  s t u d i e d  a f t e r  s u i t a b l e  c o u n t e r s t a i n i n g ,  w h i l e



294

o t h e r s  w e re  d r i e d  i n  a i r  and s t a i n e d  b y  I r i s h m a n 's  s t a i n  

and by G o o d p a s t u r e ’ s  p e r o x id a s e  m eth od .

I t  i s  v e r y  im p o r ta n t  t h a t  th e  c e l l s  s h o u ld  be  exam ined  

i n  t h e  l i v i n g  s t a t e  w i t h o u t  th e  a d d i t i o n  o f  s u p r a v i t a l  

s t a i n s ,  a s  t h e  l a t t e r  may o b sc u r e  f a i n t  v i t a l  s t a i n i n g  o f  

t h e  ’’s e g r e g a t i o n  a p p a r a t u s " :  in  f i x e d  p r e p a r a t io n s  t r a c e s

o f  s t a i n i n g  a r e  n o t  a lw a y s  p r e s e r v e d  a l t h o u g h  r e a d i l y  

o b s e r v e d  i n  t h e  l i v i n g  c e l l s .
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The c e l l u l a r  r e a c t i o n  t o  t h e  I n t r a p e r l t o n e a l  I n j e c t i o n  o f  

c o n c e n t r a t e d  m eat l n f u s l d n  b r o t h .

In t h i s  g ro u p  m ice  r e c e i v i n g  a s i n g l e  i n t r a p e r l t o n e a l  

i n j e c t i o n  o f  c o n c e n t r a t e d  i n f u s i o n  b r o t h  w ere  k i l l e d  a t  

i n t e r v a l s  o f  2 ,  4 ,  6 ,  9 ,  1 2 ,  1 8 ,  2 4 ,  3 0 ,  3 6 ,  48  

7 2 ,  9 6  h o u r s ;  in  a d d i t i o n  s i x  a n im a ls  r e c e i v e d  s e v e r a l

i n j e c t i o n s  a t  d a i l y  i n t e r v a l s ,  and th e  e x u d a te  was exam ined  

r e p e a t e d l y  a t  i n t e r v a l s  up t o  s i x  d a y s  a f t e r  th e  l a s t  

i n j e c t i o n .  The i n t r a p e r l t o n e a l  i n j e c t i o n  o f  b r o t h  s e t s  up 

a m i ld  in f la m m a to r y  r e a c t i o n  c h a r a c t e r i s e d  by t h e  o u tp o u r in g  

o f  s e r o u s  f l u i d  and e m ig r a t io n  o f  c e l l s .  D uring  th e  e a r l y  

s t a g e s  o f  th e  r e a c t i o n ,  e . g .  2 - 6  h o u r s ,  th e  c e l l s  

c o r r e s p o n d  t o  t h e  t y p e s  n o r m a lly  p r e s e n t  b u t  a few p o l y 

m o r p h o n u c le a r  l e u c o c y t e s  a l s o  a p p e a r .  The m a j o r i t y  o f  th e  

c e l l s  a r e  s m a l l  m o n o n u c lea rs  r e s e m b l in g  ly m p h o c y te s ,  in  

s t a i n e d  p r e p a r a t i o n s  th e y  p o s s e s s  s c a n t y  c y to p la sm  and th e  

c h a r a c t e r i s t i c  ly m p h o c y t ic  n u c l e u s .  In s u p r a v i t a l l y  s t a i n e d  

p r e p a r a t i o n s  t h e  m a j o r i t y  o f  t h e s e  c e l l s  show no n e u t r a l  

red  s t a i n i n g  o r  o n l y  a few t i n y  g r a n u le s  in  th e  b r o a d e r  p a r t  

o f  t h e  r im  o f  p r o to p la sm  ( f i g .  SS ) .  Some o f  th e  la r g e r  

c e l l s  p o s s e s s  a  l a r g e r  c y t o p la s m ic  rim in  w h ich  in  Leishm an-  

s t a i n e d  f i l m s  a few  c o a r s e  d ark  p u r p le  g r a n u le s  may be  

p r e s e n t ,  b u t  o f t e n  t h e  c y to p la s m  o f  th e  la r g e r  c e l l s  i s  

d e e p ly  b a s o p h i l i c  ( f i g .  9 0 a  ) .  T hese  la r g e  lym p h ocytes  may
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e x h i b i t  3 l i g h t  d e g r e e s  o f  n u c l e a r  i n d e n t a t i o n  and o p p o s i t e  

t h i s  a s m a l l  number o f  n e u t r a l  r ed  g r a n u le s  may be  p r e s e n t  

i n  t h e  form  o f  a r o s e t t e  or  a r ra n g ed  i r r e g u l a r l y .  The 

m it o c h o n d r ia  i n  t h e s e  ly m p h o c y t ic  c e l l s  a r e  g e n e r a l l y  s h o r t  

r o d s  o r  g r a n u l e s .  In  th e  mouse t h e  e x u d a te  a t  a l l  s t a g e s  

c o n t a i n s  a few  m a st  c e l l s ;  t h e s e  p r e s e n t  t h e  c h a r a c t e r i s t i c  

a p p e a r a n c e s  p r e v i o u s l y  d e s c r i b e d  and t h e i r  g r a n u le s  s t a i n  

v i v i d l y  w i t h  n e u t r a l  r ed  and a r e  n e g a t i v e  t o  th e  p e r o x id a s e  

t e s t .  They do n o t  a p p ea r  t o  i n c r e a s e  in  numbers to  any  

e x t e n t  and a r e  a t  no t im e  v e r y  p r o m in e n t .  No s p e c i a l  

s i g n i f i c a n c e  c a n  b e  a t t a c h e d  t o  t h e i r  p r e s e n c e .

Even i n  t h e  e a r l i e s t  s t a g e s  exam ined (2  h o u r s )  a number 

o f  l a r g e r  c e l l s  o f  m acrophage ty p e  w ere  p r e s e n t ,  t h e s e  a r e  

p r o b a b ly  c e l l s  n o r m a l ly  p r e s e n t  i n  t h e  p e r ito n e u m . A f t e r  

s u p r a v i t a l  s t a i n i n g  th e y  show th e  c h a r a c t e r i s t i c  c o a r s e  

i r r e g u l a r  n e u t r a l  r ed  g r a n u le s  o f  h i s t i o c y t e s ,  and th e  

m it o c h o n d r ia  when v i s i b l e  a r e  lo n g e r  and more ro d -sh a p ed  th an  

th o s e  o f  t h e  ly m p h o c y t e s ,  th o u g h  i t  i s  t o  b e  n o ted  t h a t  i n  th e  

l a r g e s t  m acrop h ages  t h e  m it o c h o n d r ia  may be g r a n u la r  or  no 

lo n g e r  r e c o g n i s a b l e .  In  a i r - d r i e d  f i l m s  L e ish m a n -3 ta in ed  

th e s e  c e l l s  a r e  o f t e n  b u r s t  and fr a g m e n te d ,  an i n d i c a t i o n  o f  

t h e i r  d e l i c a t e  c h a r a c t e r .  The w e l l  p r e s e r v e d  c e l l s ,  h ow ever ,  

show an e c c e n t r i c  n u c le u s  w i t h  a f i n e r  ch rom atin  s t r u c t u r e  

than t h a t  o f  t h e  ly m p h o c y te s  and b u lk y  c y to p la s m ,  th e  s t a i n i n g
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o f  w h ic h  p r e s e n t s  g r e a t l y  v a r i e d  d e g r e e s  o f  b a s o p h i l i a .

T h ese  f u l l y  d e v e lo p e d  l a r g e  m acrophages  a r e  s c a r c e l y  more 

p r o m in e n t  6 h o u rs  a f t e r  i n j e c t i o n  and many o f  them a p p e a r  to  

b e  d e g e n e r a t i n g .  By t h e  end o f  6 -  9 h o u r s ,  h o w e v e r ,  th e  

l y m p h o c y t ic  c e l l s  h ave  un d ergon e  f u r t h e r  d e v e lo p m e n t  and a 

g r e a t e r  number th a n  a t  t h e  e a r l i e r  p e r io d s  e x h i b i t  commencing  

n e u t r a l  r e d  s t o r a g e ,  c o i n c i d e n t a l l y  w i t h  an i n c r e a s e  i n  th e  

amount o f  c y t o p la s m .  A f t e r  12 h o u rs  th e  e x u d a te  i s  more 

c e l l u l a r ;  p o ly m o r p h o n u c le a r  l e u c o c y t e s  h ave  in c r e a s e d  

g r e a t l y  i n  number and form a b o u t  50 p er  c e n t ,  o f  th e  c e l l s  

p r e s e n t .  M on on u clear  c e l l s  a r e  a l s o  more numerous and 

h a v e  u n d erg o n e  f u r t h e r  c h a n g e s .  W h ile  many c e l l s  o f  

ly m p h o c y te  t y p e  a r e  p r e s e n t ,  th e  m a j o r i t y  o f  th e  m on on u clears  

e x h i b i t  n u c l e a r  i n d e n t a t i o n ,  a more abundant and b a s o p h i l i c  

c y to p la s m  and i n c r e a s e d  s t o r a g e  o f  n e u t r a l  r e d ,  th e  g r a n u le s  

b e in g  i n  some a g g r e g a t e d  i n  r o s e t t e  form , i n  o t h e r s  s c a t t e r e d  

th r o u g h o u t  t h e  c e l l .  No c l e a r  d i s t i n c t i o n  can  be  made by  

s u p r a v i t a l  s t a i n i n g  b e tw e en  ly m p h o c y te s ,  m on ocytes  and 

m a cro p h a g es;  w h i l e  t y p i c a l  exam p les  o f  ea ch  can  r e a d i l y  

be i d e n t i f i e d ,  th e  t h r e e  ty p e s  a r e  c o n n e c te d  by a l l  

i n t e r m e d ia t e  s t a g e s  and i t  i s  c l e a r  t h a t  a p r o g r e s s i v e  

d e v e lo p m e n t  i s  g o in g  on i n  th e  s m a l l e r  c e l l s ,  b y  w h ich  th ey  

a re  r a p i d l y  a c q u i r i n g  t h e  f u n c t i o n a l  c h a r a c t e r s  o f  young  

m acrophages ( f i g .  88 ) .
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T hrou gh ou t t h e  a c t i v e  s t a g e s  o f  t h e  p e r i t o n e a l  

i r r i t a t i o n  new c e l l s  ap p ea r  t o  h e  a r r i v i n g  in  t h e  c a v i t y ,  

w h ere  t h e y  u n d erg o  th e  ch a n g es  d e s c r i b e d  a b o v e .  W ith  a 

s i n g l e  i n j e c t i o n  o f  s t e r i l e  b r o t h  th e  c e l l u l a r  r e a c t i o n  

r e a c h e s  a maximum a t  a b o u t  18 -  24  h o u r s ,  th o u g h  th e  amount 

o f  f r e e  f l u i d  i s  l e s s  th a n  a t  e a r l i e r  s t a g e s ;  many 

p olym orp h s a r e  s t i l l  p r e s e n t ,  b u t  o v e r  50 p e r  c e n t ,  o f  th e  

c e l l s  a r e  young m o n o n u c le a r s ,  and a l l  t r a n s i t i o n s  a r e  met 

w i t h  b e tw e e n  ly m p h o c y te s ,  m o n o cy tes  and m a cro p h a g es .  As 

ju d ged  b y  t h e i r  s u p r a v i t a l  s t a i n i n g  r e a c t i o n s ,  th e  

m acrop h ages  a r e  i n  a h i g h l y  s t i m u l a t e d  a c t i v e  c o n d i t i o n  and 

s t o r e  n e u t r a l  r e d  w i t h  g r e a t  a v i d i t y  ( f i g .  88 ) .

At t h i s  t im e  r e l a t i v e l y  few o f  th e  m on on u clears  a r e  o f  

v e r y  l a r g e  s i z e  and t h e  m a j o r i t y  a r e  s t i l l  c a p a b le  o f  much 

g r e a t e r  d e v e lo p m e n t ,  a s  i s  shown by th e  r e a c t i o n  t o  d y e s .

I t  i s  d e s i r a b l e  t o  e m p h a s is e  t h i s  p o i n t  h e r e ,  a s  i t  i s  o f  

im p o r ta n c e  i n  t h e  e x p e r im e n ts  r e p o r t e d  in  th e  s u c c e e d in g  

p a p e r .

A f t e r  2 4  h o u r s  th e  r e a c t i o n  f o l l o w i n g  a s i n g l e  i n j e c t i o n  

o f  b r o t h  r e t r o g r e s s e s ;  th e  amount o f  f r e e  f l u i d  in  th e  

p e r ito n e u m  i s  v e r y  s c a n t y ,  polym orphs d im in i s h  r a p i d l y  in  

number and a t  th e  end o f  4 8  h ou rs  a r e  a lm o s t  a b s e n t .  The 

m on on u clear  c e l l s  a l s o  d i m i n i s h  i n  number; some c o n t in u e  

to  d e v e l o p  and p r o c e e d  to  i n g e s t  t h e  rem ain s  o f  polymorphs  

and o t h e r  d e b r i s ,  w h i l e  o t h e r s  l e a v e  th e  p er ito n eu m  and
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r e t u r n  t o  t h e  s u r r o u n d in g  t i s s u e s .  A f t e r  72 h o u rs  th e  

p e r i to n e u m  i s  u s u a l l y  a s  d r y  a s  n o r m a l ly ,  b u t  t h e r e  i s  

s t i l l  an e x c e s s  o f  f r e e  c e l l s  i n  t h e  s a c ?  t h e s e  c o n s i s t  

c h i e f l y  o f  s m a l l e r  m o n o n u c lea r  c e l l s  many r e s e m b l in g  

ly m p h o c y te s ,  t o g e t h e r  w i t h  a few  l a r g e  m acrophages c o n t a i n i n g  

c e l l u l a r  d e b r i s .  At th e  end o f  96  h ou rs  a f t e r  a s i n g l e  

i n j e c t i o n  o f  b r o t h  t h e  p e r ito n e u m  i s  p r a c t i c a l l y  r e s t o r e d  

t o  n o r m a l.

The m acrop h ages  and o t h e r  c e l l s  o f  th e  e x u d a te  w h ich  

s u r v i v e  a p p ea r  t o  r e t u r n  t o  th e  t i s s u e s  around th e  c a v i t y ,  

w h ere  many o f  them a g a in  assum e a s m a l l e r  r e s t i n g  form . The 

s t i m u l u s  o f  b r o t h  th u s  l e a d s  t o  a tem p orary  h y p er tr o p h y  o f  

th e  m o n o n u c le a r  c e l l s  w h ic h  i s  accom panied  by g r e a t l y  

en h an ced  c a p a c i t y  f o r  s u p r a v i t a l  s t a i n i n g .  T h is  d o e s  n o t

p e r s i s t ,  h o w e v e r ,  f o r  lo n g  a f t e r  t h e  c e s s a t i o n  o f  th e

s t i m u l u s ;  i t  i s  a s  i f  th e  c e l l s  w ere  a b le  to  m e t a b o l i s e  or  

o t h e r w is e  d i s p o s e  o f  th e  m a t e r i a l s  th e y  had a b sorb ed  and 

s t o r e d  i n  t h e  s t r u c t u r e s  w h ich  s t a i n  w i t h  n e u t r a l  red  

th e  ' s e g r e g a t i o n  a p p a r a t u s ' .  When, on th e  o t h e r  hand, th e  

more h i g h l y  c o l l o i d a l  d y e s  a r e  ta k en  up and s t o r e d  i n  th e  

c y to p la s m  t h e y  a r e  much more i n e r t  and d i f f i c u l t  t o  d e a l  

w i t h ,  s o  t h a t  th e  c e l l s  a r e  a b le  t o  d i s p o s e  o f  th e  i n g e s t e d

m a t e r i a l  o n ly  v e r y  s l o w l y .  The p e r s i s t a n c e  o f  th e

h y p e r t r o p h ie d  form o f  t h e  c e l l s  f o r  lo n g  p e r io d s  a f t e r  

v i t a l  s t a i n i n g  w i t h  i s a m in e  b l u e ,  e t c .  th u s  appears
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t o  b e  d u e  t o  t h e  1 i n d i g e s t i b i l i t y ' a s  I t  w ere  o f  th e  

m a t e r i a l s  s t o r e d  i n  th e  c y t o p la s m .

D u r in g  t h i s  in f la m m a t io n  t h e  e x u d a te  c o n t a i n s  a t  a l l  

s t a g e s  a few  desq u am ated  s e r o s a l  c e l l s ,  so m etim es  o c c u r r in g  

i n  s m a l l  s h e e t s .  When f r e e  th e y  become more rounded or  

o v a l ,  b u t  d o  n o t  a p p ea r  t o  p erform  any s p e c i a l  f u n c t i o n .

They may u n d ergo  m i t o s i s  b u t  o n ly  v e r y  r a r e l y  a r e  

a p p e a r a n c e s  s e e n  s u g g e s t i v e  o f  t r a n s f o r m a t io n  i n t o  

m a c r o p h a g e s .  The s t i m u l u s  o f  b r o t h  i s  c o m p a r a t iv e ly  m i l d ,  

and s e r o s a l  c e l l s  a r e  l e s s  f r e q u e n t  in  s u c h  e x u d a te s  th an  

i n  t h o s e  f o l l o w i n g  i n j e c t i o n  o f  d y e s .

When r e p e a t e d  i n j e c t i o n s  o f  b r o t h  a r e  g i v e n  t h e  r e a c t i o n  

i s  i n t e n s i f i e d  and p r o lo n g e d .  F r e sh  polym orphs r ea p p ea r  

i n  t h e  e x u d a t e  a s  a r e s u l t  o f  th e  renewed s t i m u l u s ,  b u t  in  

d i m i n i s h i n g  numbers w i t h  e a ch  r e p e t i t i o n ;  th e  m on onuclear  

c e l l s  u n d erg o  f u r t h e r  e n la r g e m e n t  and become more num erous,  

s o  t h a t  f o r  a t im e  t h e r e  i s  a v e r y  h ig h  p r o p o r t io n  o f  l a r g e  

m a c r o p h a g e s ;  l a t e r  many o f  t h e s e  c e l l s  d i s i n t e g r a t e  and 

th e  p r o p o r t i o n  o f  s m a l l e r  m acrophages and m on ocytes  a g a in  

r i s e s .  A f t e r  d a i l y  i n j e c t i o n  o f  b r o t h  o v er  a week th e  

s t im u lu s  a p p e a r s  t o  l o s e  e f f e c t ,  th e  f l u i d  i s  ab sorb ed  more 

q u i c k l y  and p r o d u ce s  a much l e s s  marked c e l l u l a r  r e s p o n s e .

I t  w o u ld  a p p e a r  t h a t  th e  p er ito n e u m  has become r e l a t i v e l y  

t o l e r a n t  t o  t h e  b r o t h .
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The c e l l u l a r  r e a c t i o n  In  t h e  p e r ito n e u m  In  m ic e  v i t a l l y  

s t a i n e d  b y  s u b c u ta n e o u s  I n j e c t i o n s  o f  d y e  d u r in g  t h e  r e a c t i o n .

The p r e v i o u s l y  d e s c r i b e d  p r o c e d u r e s  w ere  r e p e a t e d  In  

m ic e  v i t a l l y  s t a i n e d  w i t h  tr y p a n  b l u e  o r  v i t a l  new r e d ,  one  

o r  two s u i t a b l e  d o s e s  b e in g  a d m in is t e r e d  s u b c u t a n e o u s ly  on 

t h e  d a y s  im m e d ia te ly  p r e c e d in g  and on th e  d a y  o f  th e  

i n j e c t i o n  o f  b r o t h j  i n  t h i s  way th e  v i t a l l y  s t a i n i n g  c e l l s  

o f  t h e  t i s s u e s  w e re  f i l l e d  w i t h  d y e  g r a n u le s  and an abundant  

s u p p ly  o f  f r e e  d y e  was p r e s e n t  in  th e  b lo o d  and t i s s u e  

f l u i d s  th r o u g h o u t  t h e  r e a c t i o n  i n  th e  p e r ito n e u m . S i x  m ice  

r e c e i v e d  tr y p a n  b l u e  and f o u r  r e c e i v e d  v i t a l  new r e d .

The g e n e r a l  c h a r a c t e r  o f  th e  c e l l u l a r  e x u d a te  was 

s i m i l a r  t o  t h a t  a l r e a d y  d e s c r i b e d ,  b u t  many o f  th e  mono

n u c l e a r  c e l l s  w e r e  v i t a l l y  s t a i n e d .

In  t h e  e a r l y  s t a g e s ,  2 - 6  hou rs o n ly  a  few o f  th e  

l a r g e r  c e l l s  showed d y e  g r a n u l e s ,  b u t  a s  th e  r e a c t i o n  

p r o c e e d e d  t h e s e  a p p ea red  i n  th e  s m a l l e r  m on on u clears  a l s o .

In some t h e  s t a i n e d  g r a n u le s  w ere  i n  t h e  form o f  a r o s e t t e  

b u t  i n  o t h e r s  t h e y  w ere  i r r e g u l a r l y  d i s p o s e d  th ro u g h o u t  th e  

c y to p la s m  ( f i g .  89 ) .  The v i t a l  s t a i n i n g  o f  th e  ex u d a te  

c e l l s  a p p ea red  t o  c o rr e sp o n d  in  e v e r y  way w i t h  th e  

s u p r a v i t a l  n e u t r a l  r ed  r e a c t i o n  a lr e a d y  d e s c r i b e d ,  b u t  th e  

s t a i n i n g  o f  t h e  g r a n u le s  and v a c u o le s  was g e n e r a l l y  p a l e ,  

i n d i c a t i n g  t h a t  d y e  was a v a i l a b l e  to  th e  c e l l s  o n ly  in  a 

low c o n c e n t r a t i o n .
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I t  i s  c l e a r  from t h e  h i s t o l o g i c a l  p i c t u r e  a t  

d i f f e r e n t  s t a g e s  t h a t  t h e  m a j o r i t y  o f  th e  m o n o n u c lea rs  a r e  

p r a c t i c a l l y  u n s t a in e d  when th e y  f i r s t  ap p ea r  a s  f r e e  c e l l s  

i n  t h e  p e r i to n e u m  h u t  t h a t  d u r in g  t h e i r  s o j o u r n  t h e r e  th e y  

a c q u i r e  t h e  c a p a c i t y  t o  s t a i n  v i t a l l y  and ta k e  up d y e  from  

t h e  f l u i d  o f  t h e  e x u d a t e .  E xa m in a tio n  o f  t h e  p e r i p h e r a l  

b lo o d  d u r in g  t h e  r e a c t i o n  f a i l s  t o  show any e v id e n c e  o f  

v i t a l  s t a i n i n g  o f  t h e  m on o n u c lea r  c e l l s ,  and i t  w ould ap p ear  

t h a t  t h e  c a p a c i t y  t o  s t a i n  v i t a l l y  i s  n o t  a c q u ir e d  so  lo n g  

a s  t h e  c e l l s  a r e  i n  t h e  c i r c u l a t i n g  b l o o d .  In th e  l a t e r  

s t a g e s  o f  t h e  r e a c t i o n ,  i t  i s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  

by t h e  d e g r e e  o f  v i t a l  s t a i n i n g  i n  i n d i v i d u a l  c e l l s  t h o s e  

o f  t h e  l a r g e  m acrophages  w h ic h  h a v e  b e e n  d e r iv e d  from f u l l y  

form ed h i s t i o c y t e s  i n  th e  su r r o u n d in g  t i s s u e s ,  and t h o s e  

w h ic h  h a v e  d e v e lo p e d  from  s m a l l e r  lym p hocyte  -  and 

m o n o c y t e - l i k e  c e l l s .  Owing t o  th e  c o n t in u e d  p r e s e n c e  o f  

f r e e  d y e  i n  t h e i r  e n v iro n m en t a l l  th e  c e l l s  o f  th e  e x u d a te  

w h ic h  h a v e  come t o  e x e r c i s e  th e  f u n c t i o n a l  a c t i v i t y  o f  

m acrophages  h a v e  had t h e  o p p o r t u n i t y  o f  s t o r i n g  th e  d y e ,  

and h a v e  becom e a t  l e a s t  f a i n t l y  v i t a l l y  s t a i n e d .

S i e n g a l e w i e z  and C lark  (1 9 2 5 )  have s t a t e d  t h a t  

tr y p a n  b l u e  d o e s  n o t  p a s s  i n t o  th e  f l u i d  o f  e x u d a te s  in  

s e r o u s  s a c s ,  b u t  I  c o n s i d e r  t h a t  t h i s  i s  n o t  s t r i c t l y  

a c c u r a t e  and t h a t  t h e  d y e  i s  p r e s e n t  though in  v e r y  low 

c o n c e n t r a t i o n  -  c e r t a i n l y  much l e s s  th an  t h a t  in  th e  b lo o d .
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E x a m in a t io n  o f  t h e  t i s s u e s ,  e . g .  th e  omentum and m e s e n te r y  

a l s o  s u p p o r t s  t h i s  v i e w ,  f o r  i n  t h e s e  s i t u a t i o n s  th e  

h i s t i o c y t e s  a r e  more d e e p l y  s t a i n e d  th a n  th e  l a r g e  f r e e  

c e l l s  o f  t h e  e x u d a t e .  I t  w ould  th u s  ap p ea r  t h a t  th e  

m a j o r i t y  o f  t h e  l a r g e r  e x u d a te  c e l l s  a r e  n o t  f u l l y  formed  

h i s t i o c y t e s  w h ic h  h a v e  m ig r a te d  i n t o  t h e  e x u d a te  in  th e  

l a t e r  s t a g e s ,  h u t  t h a t  th e y  h ave  b een  formed by grow th  and 

d i f f e r e n t i a t i o n  o f  t h e  s m a l l e r  c e l l s  w h ich  e n te r e d  th e  

c a v i t y  e a r l i e r .

A c c o r d i n g l y ,  f u r t h e r  e x p e r im e n ts  w ere  c a r r i e d  o u t  w i t h  

a n im a ls  v i t a l l y  s t a i n e d  some t im e  b e f o r e ,  i n  w h ich  f r e e  d y e  

was no l o n g e r  p r e s e n t  in  t h e  b lo o d  and t i s s u e s  in  amounts  

g r e a t  en ou gh  t o  l e a d  t o  v i t a l  s t a i n i n g .  I t  was hoped in  

t h i s  way t o  o b t a i n  d e f i n i t e  e v id e n c e  a s  t o  th e  

p a r t i c i p a t i o n  o f  t h e  preform ed  h i s t i o c y t e s .
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The c e l l u l a r  r e a c t i o n  In  t h e  p e r i to n e u m  o f  m ice  

p r e v i o u s l y  v i t a l l y  s t a i n e d  b y  s u b c u ta n e o u s  i n j e c t i o n .

In  t h i s  g rou p  22  m ice  s t a i n e d  b y  r e p e a t e d  su b c u ta n e o u s  

i n j e c t i o n  o f  d y e  w e re  u s e d .  E ig h t  a n im a ls  r e c e i v e d  4 o r  

more i n j e c t i o n s  o f  tr y p a n  b l u e ,  4 r e c e i v e d  c o r r e s p o n d in g  

d o s e s  o f  v i t a l  new r e d ,  6 w ere  g i v e n  5 o r  more i n j e c t i o n s  

o f  i s a m in e  b l u e  and 4 r e c e i v e d  s i m i l a r  t r e a tm e n t  w i t h  

d ia m in e  f a s t  s c a r l e t .  In t h e s e  a n im a ls  th e  c e l l s  o f  th e  

r e t i c u l o - e n d o t h e l i a l  s y s te m  i n  th e  w id e r  s e n s e  w ere  

d i s t i n c t l y  s t a i n e d ,  th o u g h , a s  p r e v i o u s l y  d e s c r i b e d ,  th e  

s t a i n i n g  was a lw a y s  m o st  i n t e n s e  a t  th e  s i t e  o f  i n j e c t i o n .  

I n t r a p e r l t o n e a l  i n j e c t i o n  o f  s t e r i l e  b r o t h  was th e  u s u a l  

m ethod o f  p r o d u c in g  a c e l l u l a r  e x u d a te  b u t ,  in  a few  

i n s t a n c e s ,  w ashed  hom ologous r e d  c e l l s  w ere  u s e d .  As 

b e f o r e ,  th e  e x u d a t e  was som etim es  drawn o f f  r e p e a t e d l y  f o r  

e x a m in a t io n ,  t h e  a n im a l b e in g  k i l l e d  when f i n a l l y  no f l u i d  

was o b t a in e d  b y  p u n c t u r e ;  o t h e r  a n im a ls  w ere  k i l l e d  a t  

i n t e r v a l s  d u r in g  t h e  r e a c t i o n ,  e . g .  6 ,  1 2 ,  2 4 ,  36  and 

4 8  h o u r s .

The r e s u l t s  o f  t h i s  group  a r e  v e r y  i n t e r e s t i n g  and may 

be sum m arised  a s  f o l l o w s :  a s  b e f o r e ,  th e  e a r l y  e x u d a te ,

e . g .  6 h o u r s ,  c o n s i s t e d  c h i e f l y  o f  s m a l l  m on onuclears  w i t h  

o n ly  a few  l a r g e r  c e l l s .  None o f  th e  s m a l le r  c e l l s  showed 

any t r a c e  o f  v i t a l  s t a i n i n g  ( f i g .  90,93). sonie, though

n o t  a l l ,  o f  t h e  l a r g e r  m acrophages p o o r ly  s t a i n e d  g r a n u le s
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w ere p r e s e n t  b u t  o n ly  v e r y  o c c a s i o n a l l y  w ere l a r g e  h e a v i l y  

s t a i n e d  c e l l s  en co u n te r e d . A f t e r  24 hours some o f  the  

l a t t e r  had become v e r y  d e g e n e r a t e .  In th e  f u r th e r  s t a g e s  

o f  th e  r e a c t i o n ,  th e  c o n d i t io n  above d e s c r ib e d  p e r s i s t e d  and 

v i t a l l y  s t a in e d  c e l l s  a t  no tim e formed a n o ta b le  p r o p o r t io n  

o f  th e  ex u d a te  c e l l s .  In th e  l a t e r  s t a g e s  t y p i c a l  la r g e  

m acrophages w ere p r e s e n t  as b e f o r e  b u t  m ost o f  th e se  were  

q u i t e  d e v o id  o f  v i t a l l y  s ta in e d  g r a n u le s  ( f i g s .91, 92 ) .

When t e s t e d  w i t h  n e u t r a l  r e d ,  such  c e l l s  e x h ib i t e d  g r e a t  

c a p a c i t y  f o r  s u p r a v i t a l  s t a i n i n g ,  showing t h a t  th e  la c k  o f  

v i t a l  s t a i n i n g  was n o t  due to  f u n c t i o n a l  d e f i c i e n c y .  

Exam ination  o f  th e  omentum, m esen tery  and organs o f  th e se  

a n im a ls  showed t h a t  numerous v i t a l l y  s ta in e d  h i s t i o c y t e s  

were p r e s e n t .

The r e l a t i v e  a b se n c e  o f  v i t a l l y  s ta in e d  c e l l s  from th e  

exu d ate  i s  t h e r e f o r e  n o t  due to  la c k  o f  such c e l l s  in  the  

a d ja c e n t  t i s s u e s .  I t  would appear from th e s e  and p rev io u s  

exp er im en ts  t h a t  th e  f u l l y  d e v e lo p ed  h i s t i o c y t e s  o f  the  

omentum, m esen tery  and o th e r  p e r i t o n e a l  t i s s u e s  do n o t  take  

a v e r y  a c t i v e  p a r t  In  th e  form ation  o f  a r e a c t i v e  c e l l u l a r  

exudate  b o th  i n  s t a in e d  and u n sta in e d  a n im a ls .  The 

in f lu e n c e  I n h i b i t i n g  th e  m ig r a t io n  o f  h i s t i o c y t e s  in to  the  

serou s  3ac i s  t h e r e fo r e  n o t  th e  p resen ce  o f  i n t r a c e l l u l a r  

s ta in e d  g r a n u le s  p er  s e  b u t  must be c o r r e la te d  w ith  the  

s t a t e  o f  t h e i r  f u n c t i o n a l  developm ent. The m a jo r ity  o f
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th e  l a r g e  m acrophages a r e  d e v e lo p e d  from s m a l le r  c e l l s  

w h ich  m ig r a te  r a p id ly  i n t o  th e  sero u s  s a c  and undergo  

p r o g r e s s i v e  d eve lop m ent th e r e  a s  lon g  as th e  s t im u lu s  o f  

th e  i r r i t a t i o n  i s  s u f f i c i e n t .
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The o x id a s e  r e a c t i o n  o f  th e  r e a c t i n g  c e l l s .

In  t h e  mouse t h e  p o ly m o rp h o n u c lea r  l e u c o c y t e s  c o n t a i n  

e x c e e d i n g l y  f i n e  g r a n u le s  w h ich  a r e  d i f f i c u l t  t o  s t a i n  w i t h  

t h e  Romanowsky d y e s .  To G o o d p a s tu r e 's  p e r o x id a s e  t e s t  

t h e y  r e a c t  p o s i t i v e l y ,  b u t  o f t e n  th e  w h ole  c e l l  i s  not  

f i l l e d  a s  i n  t h e  human s u b j e c t ,  b u t  c o n t a in s  o n ly  a s m a l l  

grou p  o f  o x id a s e  p o s i t i v e  g r a n u l e s .  The m on ocytes  o f  th e  

p e r i p h e r a l  b lo o d  a l s o  r e a c t  p o s i t i v e l y  b u t  i n  v a r y in g  

d e g r e e ,  and u s u a l l y  c o n t a i n  o n ly  a few  s c a t t e r e d  g r a n u l e s ,  

w h i l e  o t h e r  c e l l s  o f  s i m i l a r  m orp h o logy  r e a c t  n e g a t i v e l y .

I t  s e e m e d , t h e r e f o r e ,  im p ro b a b le  t h a t  t h e  a p p l i c a t i o n  o f  

th e  o x id a s e  t e s t  t o  t h e  c e l l s  o f  p e r i t o n e a l  e x u d a te s  w ould  

a s s i s t  i n  d e t e r m in in g  w h e th e r  an y  c o n s i d e r a b l e  p r o p o r t io n  

o f  t h e  you n g  m o n o n u c lea rs  a r e  d e r iv e d  from th e  c i r c u l a t i n g  

b l o o d .  I n  t h e  e a r l y  s t a g e s  o f  t h e  r e a c t i o n  6 - 2 4  h o u r s ,

a b o u t  1 0  p er  c e n t . o f  t h e  young m on on u clears  show a few  

o x id a s e  p o s i t i v e  g r a n u l e s ,  w h i l e  su c h  a r e  a b s e n t  from o th e r  

c e l l s  m o r p h o l o g i c a l l y  s i m i l a r .  The g r e a t  m a j o r i t y  o f  th e  

l a r g e r  m acrophages  a r e  c o m p le t e ly  n e g a t iv e  t o  th e  o x id a se  

t e s t ,  some do c o n t a i n  a few  p o s i t i v e  g r a n u le s  b u t  i t  i s  

q u e s t i o n a b l e  w h e th e r  s u c h  g r a n u le s  a r e  n o t  m e r e ly  i n g e s t e d  

fr a g m en ts  o f  p o ly m o r p h s .
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The r o l e  o f  t h e  c i r c u l a t i n g  m o n o cy tes  I n  p e r i t o n e a l  

e x u d a t e s .

In  t h e  f o r e g o i n g  i n v e s t i g a t i o n s  th e  e v id e n c e  i n d i c a t e d  

t h a t  t h e  s m a l l  m on o n u c lea r  c e l l s  w h ich  ap p ea r  f i r s t  i n ' t h e  

s t i m u l a t e d  p e r i to n e u m  a r e  o f  s p e c i a l  im p o rta n ce  s i n c e  t h e y  

a p p ea r  t o  d e v e l o p  i n t o  t h e  la r g e  m acrophages w h ich  a re  s o  

p ro m in en t  l a t e r .  No e v i d e n c e  was found t h a t  t h e  l a t t e r  a re  

d e r i v e d  i n  an y  s i g n i f i c a n t  p r o p o r t io n  from f u l l y  form ed  

h i s t i o c y t e s  i n  t h e  l o c a l  t i s s u e s .  Two s o u r c e s  o f  o r i g i n  

o f  t h e  s m a l l  c e l l s  a r e  p o s s i b l e  ( a )  th e  l o c a l  c e l l u l a r
/V

a c c u m u la t io n s  c o n s t i t u t i n g  t h e  a d v e n t i t i a l  s h e a t h s ,  ta c h e s  

l a i t e u s e s , e t c . ,  and ( b )  th e  m o n o n u c lea rs  o f  th e  c i r c u l a t i n g  

b l o o d .  Prom t h e  r e s u l t s  p r e v i o u s l y  o b se r v e d  t o  f o l l o w  

in t r a v e n o u s  i n j e c t i o n  o f  I n d ia  in k  i t  seemed p o s s i b l e  t h a t  

t h i s  p r o c e d u r e  m ig h t  th row  l i g h t  on th e  p rob lem . S in c e  a 

c o n s i d e r a b l e  p r o p o r t io n  o f  t h e  c i r c u l a t i n g  m on ocytes  ta k e  

up in k  p a r t i c l e s  a f t e r  in t r a v e n o u s  i n j e c t i o n ,  th e  a b sen ce  

o f  c a r b o n  from  th e  p e r i t o n e a l  m on on u clears  w ould s u g g e s t  

th a t  t h e y  do n o t  a r i s e  t o  a n y  c o n s i d e r a b l e  e x t e n t  from  

c i r c u l a t i n g  m o n o c y t e s .  I t  has a l s o  b een  p o in te d  o u t t h a t  

th e  c a p i l l a r y  w a l l s  o f  t h e  omentum and m e s e n te r y  a re  more 

perm eable  t o  s u s p e n d e d  p a r t i c l e s  th a n  th e  c a p i l l a r i e s  e l s e 

where and t h a t  in t r a v e n o u s  i n j e c t i o n  o f  in k  i s  so o n  f o l l o w e d  

by d e p o s i t i o n  o f  ca rb o n  p a r t i c l e s  i n  t h e  p e r iv a s c u l a r  

h i s t i o c y t e s  o f  t h e  a d v e n t i t i a l  s h e a t h s  and e v e n  i n  th e
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a

a v a s c u l a r  t a c h e s  l a i t e u s e s .  The co m p le te  a b s e n c e  o f  ca rb o n  

p a r t i c l e s  from  t h e  m on on u clear  c e l l s  o f  th e  e x u d a te  i n  th e  

l a t e r  s t a g e s  w o u ld  t h e r e f o r e  be c o n f ir m a t o r y  e v id e n c e  t h a t  

p r e fo rm ed  h i s t i o c y t e s  p l a y  no im p o r ta n t  p a r t  i n  t h e  form a

t i o n  o f  t h e  c e l l s  o f  th e  e x u d a t e .  A c c o r d in g ly ,  fo u r  m ice  

w ere  g i v e n  b y  in t r a v e n o u s  i n j e c t i o n  0*5 c . c .  p er  20  gm. 

w e ig h t  o f  a 2 0  p er  c e n t ,  d i l u t i o n  o f  H i g g in ' s  w a te r p r o o f  

in k  and im m e d ia te ly  t h e r e a f t e r  1  c . c .  o f  s t e r i l e  b r o t h  was 

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 .  The a n im a ls  w ere k i l l e d  2 4 ,

4 8 ,  72  and 96 h o u r s  a f t e r  i n j e c t i o n :  i n  a d d i t i o n  t o  th e  

e x u d a t e s  o b t a i n e d  a t  a u t o p s y  sa m p le s  w ere w ithdraw n a t  

i n t e r v a l s  from  6 - 2 4  h o u r s .

At no s t a g e  o f  t h e  r e a c t i o n  were ca rb o n  b e a r in g  c e l l s  

numerous i n  th e  e x u d a t e .  At an y  g i v e n  s t a g e  s e v e r a l  f i l m s  

o f t e n  f a i l e d  t o  show a  s i n g l e  in k  c o n t a in in g  c e l l .  O c c a s io n 

a l l y  m in u te  i n t r a c e l l u l a r  ca rb o n  p a r t i c l e s  were o b s e r v e d ,  

so m etim es  i n  t y p i c a l  m o n o c y te s ,  som etim es i n  young m acro

p h a g e s ,  and i n  t h e  l a t e r  s t a g e s  v e r y  o c c a s i o n a l l y  i n  l a r g e r  

m a c r o p h a g e s .  I t  seem s c l e a r ,  t h e r e f o r e ,  t h a t  w h i le  a few  

b lo o d  m o n o cy te s  may l e a v e  th e  c i r c u l a t i o n  t o  appear In  th e  

in f la m m a to r y  e x u d a t e ,  s u c h  c e l l s  do n o t  form th e  most 

im p o r ta n t  s o u r c e  o f  o r i g i n  o f  t h e  p e r i t o n e a l  m o n o n u c lea rs .

One m ust a l s o  c o n s i d e r  th e  p o s s i b i l i t y  t h a t  in k  s t a i n e d  

m on ocytes  may be  l e s s  c a p a b le  o f  m ig r a t io n  th ro u g h  c a p i l l a r y  

w a l l s  i n t o  t h e  e x u d a t e ;  t h e r e  i s ,  h ow ever , no e v id e n c e
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that thi3 i s  so.

I n  s p r e a d  p r e p a r a t io n s  o f  t h e  omentum and m e s e n te r y  

i n  t h e s e  a n im a ls  a  c o n s i d e r a b l e  number o f  th e  p e r i v a s c u l a r  

h i s t i o c y t e s  w ere  fo u n d  t o  c o n t a i n  ca rb o n  g r a n u l e s .  The 

r e l a t i v e  a b s e n c e  o f  s u c h  c e l l s  from  th e  e x u d a te  i n  th e  

l a t e r  s t a g e s  i s  c o n f i r m a t o r y  e v id e n c e  t h a t  m o b i l i s a t i o n  o f  

f u l l y  d e v e lo p e d  h i s t i o c y t e s  d o es  n o t  c o n s t i t u t e  an  im p o rta n t  

s o u r c e  o f  th e  m acrophages fo u n d  i n  th e  e x u d a t e .

M cJunkin (1 9 2 5 )  s t a t e s  t h a t  i n  e x p e r im e n t a l  p e r i t o n i t i s  

t h e  m ost im p o r ta n t  s o u r c e s  o f  m o n o cy tes  and m acrophages a re  

t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  o f  t h e  ly m p h a t ic  g la n d s .

In  o r d e r  t o  t e s t  t h i s  h y p o t h e s i s  I n d ia  in k  was i n j e c t e d  

i n t o  t h e  s u b c u t a n e o u s  t i s s u e  around th e  t a i l  v e i n s  o f  4 

m ic e ;  a s  p r e v i o u s l y  n o t e d  t h i s  l e a d s  t o  r a p id  f l o o d i n g  o f  

th e  a o r t i c  and r e t r o p e r i t o n e a l  g la n d s  w i t h  in k  p a r t i c l e s  

( f i g .  37  ) and r a p id  m o b i l i s a t i o n  i n  th e  ly m p h a t ic  s i n u s e s  

and lym p h oid  t i s s u e  o f  m acrophages w h ich  become dem arcated  

by i n g e s t i o n  o f  in k  g r a n u l e s .  A f t e r  24 h o u r s ,  p e r i t o n e a l  

r e a c t i o n  was in d u c e d  a s  b e f o r e .  In  e a ch  c a s e  th e  p e r i 

t o n e a l  e x u d a t e  exam ined  2 4  hours l a t e r  was fou n d  t o  c o n t a i n  

numerous m acrophages  i n  v a r io u s  s t a g e s  o f  d e v e lo p n e n t ,  bu t  

no t r a c e  o f  c a rb o n  p ig m e n t a t io n  was fo u n d  i n  an y  o f  th e  

c e l l s  o f  t h e  e x u d a t e .

T h is  e x p e r im e n t  was r e p e a t e d  on 4 m ic e ,  u s i n g  k i l l e d  

t r o t h  c u l t u r e s  o f  s t a p h y l o c o c c i  a s  th e  p e r i t o n e a l  i r r i t a n t .
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The r e s u l t s  w ere  s i m i l a r  b u t  t h e  e x u d a te  was more abundant  

and r i c h e r  i n  p o ly m o rp h s .  Numerous young m acrophages w ere  

p r e s e n t  i n  a l l  s t a g e s  o f  d e v e lo p m e n t ,  b u t  no c a r b o n -b e a r in g  

c e l l s  w ere  fo u n d  i n  t h e  e x a m in a t io n  o f  numerous f i l m s .

As a l r e a d y  n o t e d ,  i n  t h e  s u p r a v i t a l l y  s t a i n e d  f i l m s  con 

f u s i o n  was a p t  t o  a r i s e  owing t o  s t a i n i n g  o f  I n g e s t e d  c o c c i  

w i t h  ja n u s  g r e e n ;  t h e s e  c o u ld  n o t  a lw ays  be c l e a r l y  d i f f e r 

e n t i a t e d  from  m it o c h o n d r ia .
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The r e a c t i o n  f o l l o w i n g  t h e  I n t r a p e r l 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  d y e s ,  e . g .  d ia m in e  f a s t  s c a r l e t ,  l s a m ln e  b l u e .

In  t h i s  I n v e s t i g a t i o n  o v e r  100 a n im a ls  have r e c e i v e d  

i n t r a p e r l t o n e a l  i n j e c t i o n s  o f  v a r io u s  d y e s .  Some r e c e i v e d  

a s i n g l e  i n j e c t i o n ,  t o  o t h e r s  r e p e a t e d  d o s e s  were a d m in is 

t e r e d .  As b e f o r e  so m etim es  th e  e x u d a te  was exam ined  

r e p e a t e d l y  i n  t h e  same a n im a l ,  w h i l e  o th e r s  w ere k i l l e d  a t  

c o r r e s p o n d in g  i n t e r v a l s .  In  e v e r y  c a se  th e  c o n d i t i o n  o f  

t h e  p e r ito n e u m  was n o t e d  a t  d e a t h  and f i l m s  were prep ared  

from  t h e  c a v i t y  b y  t h e  m ethods a l r e a d y  d e s c r i b e d .  Spread  

p r e p a r a t io n s  o f  t h e  omentum and m e s e n te r y  we re  made, and  

p o r t i o n s  o f  th e  o rg a n s  w ere f i x e d  f o r  h i s t o l o g i c a l  exam in a

t i o n .  No a t t e m p t  has  b e e n  made t o  d e s c r i b e  th e  f in d i n g s  

i n  i n d i v i d u a l  a n im a ls  b u t  th e  g e n e r a l  r e s u l t s  may be s t a t e d  

as f o l l o w s .

When a  h i g h l y  c o l l o i d a l  dye i s  i n j e c t e d  i n t o  th e  

p e r i to n e u m , e . g .  d ia m in e  f a s t  s c a r l e t ,  isa m in e  b l u e ,  i n  

1  per  c e n t ,  s o l u t i o n  i t  in d u c e s  a s e r o u s  e x u d a t io n  w hich  

s o o n  b ecom es c e l l u l a r .  A dm ixture o f  th e  dye s o l u t i o n  w i t h  

th e  s e r o u s  f l u i d  p ou red  o u t  r e s u l t s  i n  th e  fo r m a t io n  o f  

in n u m erab le  s o f t  f l o c c u l i ,  w h ich  a t  t h e  end o f  two hours  

a re  numerous and g e n e r a l l y  s m a l l ,  b u t  a f t e r  s i x  hours a re  

more abu ndan t and a r e  o f t e n  a g g r e g a t e d  i n t o  la r g e r  m a s s e s .

T h ese  f l o c c u l i  ap p ear  t o  b e  composed o f  a m ix tu r e  o f  

dye and p r o t e i n s  d e r i v e d  from  th e  s e r o u s  e x u d a t e .  They are
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and a f t e r  f i x a t i o n  b y  h e a t  or  by c h e m ic a l  f i x a t i v e s  t h e y  

r e s i s t  d e c o l o r i s a t i o n  i n  a manner s i m i l a r  t o  t h e  i n t r a c e l l u l a r  

g r a n u le s  and v a c u o l e s  o f  v i t a l l y  s t a i n e d  c e l l s ,  e . g .  i n  

t h e  c a s e  o f  i s a m in e  b l u e ,  t h e  d y e  c o lo u r  i s  s l o w l y  d i s c h a r g e d  

b y  weak a l c o h o l ,  b u t  r e s i s t s  p r o lo n g e d  w a sh in g  i n  r u n n in g  

w a t e r ;  w i t h  d ia m in e  f a s t  s c a r l e t  t h e  f l o c c u l i  r e s i s t  d e c o l o r 

i s a t i o n  b y  d i s t i l l e d  w a te r  b u t  t h e  c o lo u r  i s  r a p i d l y  d i s 

c h a r g e d  b y  a l k a l i s ,  e . g .  l i t h i u m  c a r b o n a t e ,  ammonia or sodium  

b i c a r b o n a t e .  A t t h e  e a r l i e s t  s t a g e  ex a m in ed , i . e .  2 h o u r s ,  

th e  c e l l u l a r  c o n t e n t  o f  th e  p e r ito n e u m  i s  s c a r c e l y  in c r e a s e d  

and t h e  c e l l s  a r e  o f  norm al t y p e ,  b u t  a few  ap p ear  r a t h e r  

l a r g e r  th a n  th e  m acrophages u s u a l l y  fou n d  i n  a normal  

p e r i to n e u m . No e v i d e n c e  o f  dye  i n g e s t i o n  can  be  found a t

t h i s  s t a g e ;  a l t h o u g h  i n  f i x e d  and s t a i n e d  p r e p a r a t io n s  

t h e  c e l l 3  a r e  o f t e n  d i f f u s e l y  c o lo u r e d ;  t h i s  i s  not s e e n  

i n  f r e s h  p r e p a r a t i o n s  o f  t h e  l i v i n g  c e l l s .  At th e  end o f  

6  h ou rs  t h e  c e l l u l a r  c o n t e n t  o f  th e  e x u d a te  i s  d e f i n i t e l y  

i n c r e a s e d ,  t h e  new c e l l 3 b e in g  s i m i l a r  t o  t h o s e  a lr e a d y  

p r e s e n t ,  i . e .  c h i e f l y  m o n o n u c lea rs  r e s e m b l in g  ly m p h o c y te s ,  

m o n o c y t e - l ik e  c e l l s  w i t h  r e n i fo r m  n u c l e i ,  and a number o f  

l a r g e r  m a c r o p h a g e s ,  b u t  a l l  in t e r m e d ia t e  v a r i e t i e s  b e tw een  

t h e s e  c e l l  t y p e s  a r e  met w i t h .  A f t e r  s u p r a v i t a l  s t a i n i n g  

w it h  n e u t r a l  r e d  some o f  t h e  s m a l le r  c e l l s  a r e  s e e n  t o  

p o s s e s s  t h e  v a c u o l a r  s t r u c t u r e  c h a r a c t e r i s t i c  o f  t h a t  i n  

m o n o c y te s ,  t h e  v a c u o l e s  b e in g  a g g r e g a t e d  i n  th e  n u c le a r
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i n d e n t a t i o n ,  b u t  s u c h  c e l l s  a r e  i n  th e  m i n o r i t y ,  and o t h e r s  

m o r p h o l o g i c a l l y  s i m i l a r  show t h e  n e u t r a l  r e d  v a c u o le s  

s c a t t e r e d  i r r e g u l a r l y  th r o u g h o u t  th e  c y t o p la s m .  The l a t t e r  

a r e  u n d o u b te d ly  young m a c r o p h a g e s . The l a r g e r  m acrophages  

o r i g i n a l l y  p r e s e n t  a l s o  a p p ea r  t o  have i n c r e a s e d  i n  s i ^ e ,  

b u t a t  t h e  6  hou r  s t a g e  few  show more th a n  a t r a c e  o f  v i t a l  

s t a i n i n g  and some a r e  d e g e n e r a t i n g  and s t a i n  d i f f u s e l y .  In  

th e  s t i m u l a t e d  m acrophages  a t  t h i s  s t a g e  th e  c y to p la s m  som e

t im e s  has  become f i l l e d  w i t h  v a c u o le s  o f  v a r y in g  s i z e ,  m ost  

o f  w h ic h  c o n t a i n  no d y e ,  th o u g h  on a d d i t i o n  o f  n e u t r a l  r ed  

t h e y  show v e r y  i n t e n s e  s t a i n i n g .  T h is  a l t e r a t i o n  would  

ap p ea r  t o  r e p r e s e n t  a  h y p e r tr o p h y  o f  th e  " s e g r e g a t io n  

a p p a r a tu s"  o f  t h e  c e l l s  and i s  a  p r e c u r s o r  o f  dye s t o r a g e .

The e a r l i e s t  v i t a l  s t a i n i n g  o f  t h e s e  " v a c u o le s "  i s  b e s t  s e e n  

in  f r e s h  l i v i n g  c e l l s  w i t h o u t  th e  a d d i t i o n  o f  any s u p r a v i t a l  

s t a i n ;  i n  f i x e d  and s t a i n e d  p r e p a r a t io n s  f a i n t  d e g r e e s  o f  

v i t a l  s t a i n i n g  a r e  n o t  a p p a r e n t .  By t h e  end o f  12 hours  

th e  f l o c c u l i  i n  th e  p e r ito n e u m  have become a g g r e g a t e d  i n t o  

l a r g e r  c lu m p s . O c c a s i o n a l l y  la r g e  m asses  o f  s t i c k y  p r e 

c i p i t a t e  form  and become c o v e r e d  w i t h  c e l l s  as  w i l l  be  d e s 

c r ib e d  l a t e r .  Commonly one f i n d s  b o th  i n  f r e s h  and f i x e d  

p r e p a r a t io n s  one or  tw o young m acrophages a t t a c h e d  t o  e a ch  

o f  t h e  l a r g e r  f l o c c u l i ;  t h e s e  c e l l s  r a p i d l y  e n la r g e  and 

v i t a l  s t a i n i n g  a p p ea r s  i n  t h e i r  c y to p la sm  c o i n c i d e n t a l l y  w i t h  

P r o g r e s s iv e  d im in u t io n  i n  s i z e  o f  t h e  i n d i v i d u a l  f l o c c u l i .

I t  i s  d i f f i c u l t  t o  f o l l o w  th e  mode o f  t r a n s f e r e n c e  o f  th e
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s t a i n  from  f l o c c u l u s  t o  c e l l .  A l th o u g h  d e f i n i t e  phago

c y t o s i s  o f  g r o s s  p a r t i c l e s  may o c cu r  th e  p r o c e s s  o f  v i t a l  

s t a i n i n g  seem s t o  r e s u l t  m a in ly  from th e  c e l l s  d i s s o l v i n g  

th e  f l o c c u l i  and a b s o r b in g  th e  p r o d u c ts  i n t o  t h e i r  c y to p la s m  

w here t h e y  a c c u m u la te  w i t h i n  t h e  " s e g r e g a t io n  v a c u o l e s " .

At f i r s t ,  e . g .  6 -  12 h o u r s ,  th e  c o l o u r a t i o n  o f  t h e  v a c u o le s  

i s  u n i f o r m ,  b u t  i n  t h e  n e x t  12 hou rs a  s e p a r a t i o n  o ccu rs  

from  t h e  g e n e r a l  c o n s t i t u e n t s  o f  th e  " v a c u o le s " ,  and i n d i v i d 

u a l  p a r t i c l e s  more i n t e n s e l y  s t a i n e d  appear i n  th e  w a l l s  o f  

t h e  v a c u o l e s  or  f r e e  i n  t h e i r  i n t e r i o r  ( f i g .  93 ) .  T h is  

i s  e s p e c i a l l y  p ron ou n ced  w i t h  d ia m in e  f a s t  s c a r l e t ,  b u t  i t  

has a l s o  b e e n  o b s e r v e d  v / i t h  o t h e r  d y e s ,  e . g .  isa m in e  b l u e ,  

b e n z o p u r p u r in .

In  t h e  p r e s e n c e  o f  f r e e  dye i n  t h e  f l u i d  ex u d a te  th e  

c y to p la s m  and n u c le u s  o f  dead or s e v e r e l y  damaged c e l l s  

become d i f f u s e l y  s t a i n e d .  Such damaged c e l l s  may be 

o b s e r v e d  a t  a l l  s t a g e s ,  b u t  a r e  b e s t  s e e n  w i t h i n  the  f i r s t  

24 h o u rs  , s i n c e  a t  l a t e r  s t a g e s  f r e e . d y e  i s  no lo n g e r  

a b u n d a n t .  I n  s u p r a v i t a l l y  s t a i n e d  p r e p a r a t io n s ,  damaged 

c e l l s  ca n  be r e c o g n i s e d  i n  a s i m i l a r  way, and t h i s  a f f o r d s  

th e  m o st  d e l i c a t e  i n d i c a t i o n  o f  l o s s  o f  v i t a l i t y  i n  any  

g i v e n  c e l l .  I n  t h e  f i r s t  12 h ou rs  a f t e r  i n j e c t i o n  o f  d y e ,  

a c o n s i d e r a b l e  number o f  t h e  desquam ated m e s o t h e l i a l  c e l l s  

are  d i f f u s e l y  s t a i n e d  and some o f  th e  l a r g e r  macrophages  

show a s i m i l a r  a p p e a r a n c e .  As S a b in ,  Cunningham and Doan 

(1925)  have p o i n t e d  o u t ,  th e  la r g e  f u l l y  d e v e lo p e d  m acro-
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p h a g es  a p p e a r  t o  b e  d e l i c a t e  c e l l s  a s  a p p ea r s  from  t h e i r

te n d e n c y  t o  b u r s t  d u r in g  t h e  m aking o f  p r e p a r a t i o n s .
#

T h ese  damaged c e l l s  d e g e n e r a t e  f u r t h e r  and some a r e  removed  

b y  p h a g o c y t o s i s .  Many o f  th e  desquam ated  s e r o s a l  c e l l s ,  

h o w e v e r ,  a p p ea r  t o  u n d ergo  c h r o m a t o ly s i s  and p r o g r e s s i v e  

d i s i n t e g r a t i o n  i n  t h e  e x u d a te  f l u i d .

A f t e r  2 4  h o u r s  t h e  p er ito n e u m  u s u a l l y  c o n t a in s  a s m a l l  

amount o f  f r e e  f l u i d ,  g e n e r a l l y  r a t h e r  s t i c k y ,  b u t  th e  

l o o s e  f l o c c u l i  h a v e  a lm o s t  d i s a p p e a r e d .  The e x u d a te  i s  

r i c h  i n  c e l l s ,  t h e  m a j o r i t y  o f  w h ich  a r e  m o n o n u c lea r .  Most 

o f  t h e s e  now show v i t a l  s t a i n i n g  i n  v a r y in g  d e g r e e ,  some 

p o s s e s s i n g  a l a r g e  number o f  v a c u o le s  o f  i r r e g u l a r  s i z e  in  

w h ich  a r e  more d e e p l y  c o lo u r e d  g r a n u l e s ,  w h i l e  o t h e r s  show 

th e  m e r e s t  t r a c e  o f  d y e  s t o r a g e .  Many s m a l l  lym p h ocyte 

l i k e  c e l l 3  f r e e  from  v i t a l  s t a i n  a r e  p r e s e n t  t o g e t h e r  w i t h  

s i m i l a r  c e l l s  i n  w h ic h  t h e  c y to p la s m  i s  s l i g h t l y  more 

abundant and show s commencing d y e  s t o r a g e .  A l l  d e g r e e s  o f  

t r a n s i t i o n  ca n  be fo u n d ,  from t y p i c a l  s m a l l  lym p hocytes  

th ro u g h  l a r g e  ly m p h o c y te s  and m o n o c y t e - l ik e  forms t o  young  

m acrophages w i t h  abu ndan t d y e  d e p o s i t s ;  th e  e v id e n c e  c l e a r 

l y  p o i n t s  t o  a c l o s e  r e l a t i o n s h i p  b e tw een  t h e s e  c e l l s .

I t  i s  p r o b a b le  t h a t  some o f  th e  m onocytes  and lym phocytes  

are d e r i v e d  from  t h e  c i r c u l a t i n g  b lo o d .  As lo n g  a s  th ey  

rem ain i n  t h e  b lo o d  s t r e a m ,  h o w ev er ,  th e y  do n o t  ta k e  up 

th e  v i t a l  s t a i n  i n  v i s i b l e  am ou nts . A t t h i s  s t a g e  th e  

c e l l u l a r  e x u d a t e  a l s o  c o n t a i n s  many polym orphs w h ich  have
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m ig r a t e d  from  t h e  b lo o d  s tr e a m .

The p o lym orp h s i n  t h e  mouse p r a c t i c a l l y  n e v e r  show  

a n y  t r a c e  o f  v i t a l  s t a i n i n g  o f  s p e c i f i c  g r a n u l e s ,  bu t in  

th e  r a b b i t  and g u i n e a - p i g  s t a i n i n g  o f  th e  s p e c i f i c  g r a n u le s  

has b e e n  o b s e r v e d .  T h is  i s  o f  c o u r s e  a s t a i n i n g  o f  p r e 

form ed g r a n u le s  and m ust be d i s t i n g u i s h e d  from tr u e  v i t a l  

s t a i n i n g  w here t h e  dye a c cu m u la te s  i n  v a c u o le s  and g r a n u le s ,  

th e  m a j o r i t y  o f  w h ich  a t  l e a s t  a r e  n ew ly  j.ormed as a r e s u l t  

o f  th e  p r e s e n c e  o f  dye  i n  th e  en v ironm ent o f  th e  c e l l .

Such t r u e  v i t a l  s t a i n i n g  or dye i n g e s t i o n  i s  fou n d  i n  a 

3 m a ll  p r o p o r t i o n  ( 1 - 2  p er  c e n t . )  o f  t h e  polym orphs i n  th e  

e x u d a t e .

D u r in g  t h e  f o l l o w i n g  24 h o u r s ,  i . e .  from 24 -  48 hours  

a f t e r  a s i n g l e  i n j e c t i o n  o f  dye i n t o  th e  norm al p er ito n eu m ,  

th e  number o f  c e l l s  i n  th e  e x u d a te  i n c r e a s e s ,  and th e  mono

n u c le a r  e l e m e n t s  u n d erg o  p r o g r e s s i v e  d e v e lo p m e n t .  From 

abou t 3 0  -  36  h o u r s  onwards la r g e  m acrophages w i t h  m a ss iv e  

i r r e g u l a r  d y e  g r a n u le s  become i n c r e a s i n g l y  prom inent ( f i g . 9 5 ) .  

Sm all c e l l s  c o n t in u e  t o  e n t e r  th e  p er iton eu m  bu t more s lo w l y  

than a t  f i r s t  s o  t h a t ,  a t  a n y  t i m e ,  th e r e  may be found in  

the e x u d a te  c e l l s  i n  a l l  s t a g e s  b e tw een  ly m p h o cy te s ,  mono

c y te s  and m acrop h ages  . From 48 -  72  hours a f t e r  i n j e c t i o n  

the m i g r a t i o n  o f  new c e l l s  d e c r e a s e s  s t i l l  more. By t h i s  

time th e  m a j o r i t y  o f  t h e  m on on u clears  f r e e  i n  th e  f l u i d  have  

d ev e lo p ed  i n t o  v i t a l l y  s t a i n e d  m acrophages; m onocytes and 

young m acrophage form s a r e  l e s s  numerous than e a r l i e r  and



a r e  c h i e f l y  f r e e  from  v i t a l  s t a i n i n g  a s  th e  s u p p ly  o f  

a v a i l a b l e  dye i n  t h e  p e r ito n e u m  a p p ea r s  t o  be  e x h a u s te d  

ow ing  t o  a b s o r p t i o n  and t o  s t o r a g e  i n  th e  v i t a l l y  s t a i n e d  

m a c r o p h a g e s .  A f t e r  72  h ou rs  th e  r e a c t i o n  i s  r e t r o g r e s s i n g ,  

i n  t h a t  few  new c e l l s  a r e  a r r i v i n g  i n  th e  c a v i t y ,  and th e  

d e v e lo p m e n t  o f  t h e  v i t a l l y  s t a i n e d  m acrophages a p p ea rs  t o  

have r e a c h e d  a maximum u n l e s s  a f u r t h e r  i n j e c t i o n  o f dye be 

g i v e n .  Among t h e  f u l l y  form ed m acrophages no m o r p h o lo g ic a l  

or o t h e r  d i f f e r e n c e s  i n d i c a t i n g  t h e i r  o r i g i n  c a n  be d e t e c t e d ,  

th e  c e l l s  o r i g i n a l l y  d e r iv e d  from  l o c a l  h i s t i o c y t e s  b e in g  

i n d i s t i n g u i s h a b l e  from  t h o s e  a r i s  in g  fr o m  e m ig r a te d  lym p hocytes  

cr m o n o c y t e s .  W ith  d ia m in e  f a s t  s c a r l e t  a s t r i k i n g  f e a t u r e  

a t  t h i s  tim e i s  t h e  d e v e lo p m en t of enormous v a c u o le s  i n  th e  

c e l l s  ( f i g .  93 ) .  T hese  may be i n t e n s e l y  dye s t a i n e d ,  bu t

a r e  more o f t e n  f i l l e d  w ith  an  a lm o s t  c o l o u r l e s s  f l u i d  i n  

w h ich  i n t e n s e l y  c o lo u r e d  dye g r a n u le s  f l o a t  f r e e l y  or  a re  

a t t a c h e d  t o  th e  w a l l s .  When n e u t r a l  r e d  i s  a p p l i e d  s u p r a -  

v i t a l l y  t h e s e  enormous, v a c u o le s  r a p i d l y  become d e e p ly  s t a i n e d ,  

t h i s  i s  s e e n  b y  t h e  change i n  c o l o u r ,  ev en  when a lr e a d y  

a p p a r e n t l y  f i l l e d  w i t h  t h e  a c i d  dye p r e v i o u s l y  a d m in is t e r e d .  

W ith i s a m in e  b l u e ,  th e  fo r m a t io n  o f  su c h  enormous v a c u o le s  

has n o t  b e e n  o b s e r v e d ;  h e r e  t h e  c y to p la sm  becomes packed  

w ith  d e e p l y  c o lo u r e d  g l o b u l a r  dye m asses  o f  a l l  s i z e s ,  in  

w hich more d e e p l y  s t a i n e d  g r a n u le s  a r e  p r e s e n t ,  b u t  t h e  i n t e r -  

g r a n u la r  m a t e r i a l  i n  th e  isa m in e  b lu e  v a c u o le s  n ev er  i s  

c o l o u r l e s s  as i t  i s  w i t h  d ia m in e  f a s t  s c a r l e t .
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I f  no f u r t h e r  i n j e c t i o n  o f  dye be g i v e n  t h e  p e r i t o n e a l  

r e a c t i o n  g r a d u a l l y  s u h s i d e s ,  and the  l a r g e  f r e e  v i t a l l y  

s t a i n e d  m acrophages  become fe w er  a s  t h e  c e l l s  l e a v e  t h e  

c a v i t y .  The s m a l l e r  l e s s  h e a v i l y  s t a i n e d  c e l l s  p e r s i s t  

l o n g e r ,  or p erh ap s  new c e l l s  e n t e r  t h e  c a v i t y .  A f t e r  

120 h o u rs  t h e r e  i s  v e r y  l i t t l e  f r e e  f l u i d  and a t  th e  e n d  o f  

144  h o u r s  t h e  p e r i to n e u m  i s  u s u a l l y  a s  d r y  a s  i n  th e  normal  

m o u se , th o u g h  o f  c o u r s e  th e  t i s s u e s  a r e  d e e p ly  s t a i n e d .  In  

th e  t r a c e  o f  f l u i d , c e l l s  o f  th e  s m a l l e r  ty p e  n o r m a lly  p r e s e n t  

a r e  f o u n d ,  and th e  l a r g e r  o f  t h e s e  u s u a l l y  e x h i b i t  a s l i g h t  

d e g r e e  o f  v i t a l  s t a i n i n g :  o n ly  a v e r y  few h e a v i l y  s t a i n e d

c e l l s ,  c a n  be r e c o v e r e d  i n  t h e  f l u i d  l a t e r  th a n  7 - 1 0  days  

a f t e r  a s i n g l e  i n j e c t i o n .
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The a b s o r p t i o n  o f  d y es  (d ia m in e  f a s t  s c a r l e t ,  I sa m in e  b l u e ) 

a f t e r  I n t r a p e r l t o n e a l  I n j e c t i o n .

W hile  t h e  c e l l u l a r  r e a c t i o n  i s  p r o c e e d in g  in  th e  

p e r i t o n e a l  c a v i t y  t h e  dye i s  b e in g  s l o w l y  a b s o r b e d ,  

p r o b a b ly  i n  l a r g e  p a r t  b y  way o f  th e  ly m p h a t ic s  o f  th e  

diap hragm  and m e d ia s t in u m  b u t  perhaps a l s o  d i r e c t l y  i n t o  

th e  b lo o d  v e s s e l s  (Cunningham, 1 9 2 6 ) .  The r e t i c u l o 

e n d o t h e l i a l  c e l l s  o f  th e  m e d i a s t i n a l  g la n d s  th ro u g h  w h ich  

th e  lym ph p a s s e s  b e f o r e  e n t e r i n g  t h e  c i r c u l a t i n g  b lo o d  a re  

th u s  s t a i n e d ,  and  a s m a l l  amount o f  dye i s  th en  p a ssed  i n t o  

th e  c i r c u l a t i n g  b lo o d  from  w h ic h  i t  i s  rem oved by th e  c e l l s  

o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  g e n e r a l l y .  In  t h i s  way 

g e n e r a l i s e d  v i t a l  s t a i n i h g  i s  g r a d u a l l y  b rou gh t a b o u t .  The 

amount a b s o r b e d  a f t e r  a s i n g l e  i n t r a p e r i t o n e a l  i n j e c t i o n  i s  

s m a l ls  b y  f a r  t h e  g r e a t e r  p a r t  o f  t h e  d y e  b e in g  f i x e d  l o c a l l y  

i n  th e  t i s s u e s ,  b u t  b y  r e p e a t e d  i n o c u l a t i o n s  a t  w eek ly  i n t e r 

v a l s  a h i g h  d e g r e e  o f  g e n e r a l i s e d  v i t a l  s t a i n i n g  may be 

a t t a i n e d .  Some d y e s ,  e . g .  b e n zo p u rp u r in  do n o t ap p ear  t o  

be a b so r b e d  s u f f i c i e n t l y  t o  produce g e n e r a l i s e d  s t a i n i n g ;  

t h e s e  s u b s t a n c e s  p rodu ce  a t  th e  s i t e  o f  i n o c u l a t i o n  an e v e n  

more p ron ou n ced  c e l l u l a r  r e a c t i o n  w hich  p e r s i s t s  fo r  a 

lon ger  t i m e .
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Changes i n  t h e  p e r i t o n e a l  t i s s u e s ,  m e s e n t e r i e s  and omentum.

A f t e r  t h e  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  dye th e  l o c a l  

t i s s u e s  a r e  b a th e d  i n  t h e  s t a i n  w h ic h ,  w h i le  p ro v o k in g  

s e r o u s  and c e l l u l a r  e x u d a t i o n ,  p e n e t r a t e s  t o  th e  u n d e r ly in g  

h i s t i o c y t e s  and l e a d s  t o  r a p id  v i t a l  s t a i n i n g  o f  t h e s e  c e l l s .  

The u n s t a i n e d  s m a l l  round c e l l s  o f  th e  a d v e n t i t i a l  s h e a t h s
A

and t a c h e s  l a i t e u s e s  a r e  m o b i l i s e d  and form p ro b a b ly  th e  

c h i e f  s o u r c e  o f  t h e  f r e e  m on on u clears  o f  th e  e x u d a t e .  Those 

w h ic h  m ig r a t e  a t  once  ap p ea r  i n  th e  f l u i d  as ly m p h o cy tic  

and m o n o c y t ic  f o r m s ,  b u t  e x a m in a t io n  o f  th e  t i s s u e s  a t  

i n t e r v a l s  shows t h a t  some u n d ergo  d i f f e r e n t i a t i o n  i n  s i t u  

and d e v e l o p  i n t o  l a r g e  dye s t o r i n g  c e l l s  w hich  a re  soon  

i n d i s t i n g u i s h a b l e  from  th e  preform ed  h i s t i o c y t e s .  During  

th e  e a r l y  s t a g e s  m i t o t i c  f i g u r e s  a re  e x tr e m e ly  s c a n t y ;  

t h e r e  i s  th u s  no e v i d e n c e  t h a t  th e  s m a l l  v i t a l l y  s t a i n e d  

c e l l s  a r e  p ro d u ced  b y  d i v i s i o n  o f  th e  p r e - e x i s t i n g  h i s t i o c y t e s .  

M i t o t i c  d i v i s i o n  o f  s e r o s a l  c e l l s  i s  f a i r l y  common a f t e r  

24 h ou rs  and i s  c h i e f l y  a r e p a r a t i v e  ch a n g e , f o l l o w i n g  

d e sq u a m a tio n  a f t e r  i r r i t a t i o n  ( f i g . 104 ) .  M ito se s  i n  th e  

c e l l s  o f  t h e  a d v e n t i t i a l  s h e a t h s  a re  more e a s i l y  found from  

18 hours o n w a rd s , b u t  n e v e r  ap p ea r  t o  be v e r y  numerous.

I t  i s  n o t e w o r th y  t h a t  m i t o s i s  i s  v ery  uncommon in  

w e l l  d e v e lo p e d  m a c ro p h a g es ;  i t  w ould appear t h a t  in  

a c t i v e l y  s t a i n e d  c e l l s  th e  c a p a c i t y  f o r  m u l t i p l i c a t i o n  i s  

much r e d u c e d .  I t  i s  e x t r e m e ly  d i f f i c u l t  t o  e s t im a t e  th e
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amount o f  m i g r a t i o n  o f  c e l l s  from  th e  b lo o d ,  b u t  i n  sp r e a d  

p r e p a r a t i o n s  I  have so m etim es  o b s e r v e d  m o n o n u c lea rs  as  

w e l l  a s  polym orphs i n  p r o c e s s  o f  m i g r a t io n  th ro u g h  th e  

c a p i l l a r y  w a l l s ,  and I  t h e r e f o r e  c o n s id e r  t h a t  lym p h ocytes  

and p erh a p s  m o n o cy tes  o f  haem atogen ous o r i g i n  ta k e  p a r t  i n  

f u r n i s h i n g  c e l l s  t o  th e  e x u d a te  and p r o b a b ly  s e r v e  t o  make 

good th e  l o s s  o f  c e l l s  from  t h e  l o c a l  s t o r a g e  d e p o ts  i n  th e
A

a d v e n t i t i a l  s h e a t h s  and t a c h e s  l a i t e u s e s .

W h ile  t h e  r e a c t i o n  i s  p r o g r e s s i n g  i n  th e  p er ito n eu m  

th e  l o c a l  t i s s u e s ,  e . g .  omentum and m e s e n te r y ,  a r e  becom ing  

s t e a d i l y  r i c h e r  i n  v i t a l l y  s t a i n e d  c e l l s .  As m en tio n ed  

a b o v e ,  t h i s  i s  p a r t l y  due t o  new fo r m a t io n  i n  s i t u , but  

p r o b a b ly  i t  i s  i n  p a r t  t o  be a c c o u n te d  f o r  by th e  r e t u r n  o f  

s t a i n e d  c e l l s  t o  t h e  t i s s u e s .  D uring  th e  r e a c t i o n  many 

c e l l s  a r e  fo u n d  a d h e r in g  t o  t h e  s u r fa c e  o f  th e  m e s e n te r y  

and e n t a n g l e d  in  t h e  m eshes o f  th e  omentum; i t  i s  p rob ab le  

t h a t  a c o n t in u o u s  in t e r c h a n g e  i s  g o in g  on , some o f  th e  

e a r l i e r  f r e e  m acrophages r e t u r n i n g  t o  th e  t i s s u e s  w h i le  

new u n s t a i n e d  c e l l s  c o n t in u e  t o  be l i b e r a t e d  i n t o  th e  c a v i t y .  

In  th e  l a t e r  s t a g e s  when th e  r e a c t i o n  i s  s u b s id i n g  th e  

s t a i n e d  c e l l s  r e - e n t e r  th e  t i s s u e s  and accu m u late  i n  m a s se s ,  

som etim es  a l o n g  th e  a d v e n t i t i a l  s h e a th s  bu t o f t e n  i n  c l u s t e r s  

in  th e  i n t e r v e n i n g  a v a s c u la r  p o r t io n s  ( f i g .  98  ) .  These 

c e l l s  a r e  m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  from th e  p r e 

formed h i s t i o c y t e s  and i t  i s  n o t  p o s s i b l e  t o  r e c o g n is e  

w h ether  a h e a v i l y  s t a i n e d  c e l l  has rem ained i n  s i t u  d u r in g
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th e  r e a c t i o n  or  has r e t u r n e d  t o  t h e  t i s s u e s  a f t e r  a  s t a g e  

a s  a f r e e  m a cro p h a g e . I t  i s ,  h o w e v e r ,  c l e a r  t h a t  th e  

number o f  v i t a l l y  s t a i n e d  c e l l s  i s  much g r e a t e r  th a n  i n  

t h e  c a s e  o f  a n im a ls  w h ic h  have b e e n  s t a i n e d  b y  in t r a v e n o u s  

or su b c u ta n e o u s  a d m i n i s t r a t i o n  o f  th e  d y e s .

F u r t h e r  e v i d e n c e  t h a t  th e  s t a i n e d  c e l l s  r e t u r n  t o  the  

t i s s u e s  has b e e n  o b t in e d  a s  f o l l o w s .  P o r t io n s  o f  th e  

omentum and m e s e n t e r y  were removed p o s t  mortem a t  v a r io u s  

s t a g e s  a f t e r  t h e  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 y e ,  and were  

w ash ed  i n  s a l i n e  t o  remove as f a r  a s  p o s s i b l e  th e  c e l l s  

a d h e r in g  t o  t h e i r  s u r f a c e s .  Spread p r e p a r a t io n s  were th en  

made a s  . u s u a l .  By com p arison  o f  s i m i l a r l y  prepared  

s p e c im e n s  o f  omentum and m e s e n te r y  I n  th e  e a r l y  s t a g e s  w i t h  

t h o s e  o f  th e  l a t e r  s t a g e s ,  i t  i s  found th a t  th e  number o f  

s t a i n e d  c e l l s  a c t u a l l y  w i t h i n  th e  t i s s u e s  i n c r e a s e s .  That 

t h i s  i s  n o t  due e n t i r e l y  t o  d ev e lo p m en t o f  s t a i n e d  c e l l s  

i n  s i t u  i s  shown b y  th e  g r e a t e r  number o f  su c h  c e l l s  i n  th e  

t i s s u e s  c o i n c i d e n t l y  w i t h  th e  d isa p p e a r a n c e  o f  th e  f r e e  

c e l l s  from  th e  c a v i t y  a t  9 6 ,  h o u r s ,  as  compared w i t h  48 

h o u r s ,  a l t h o u g h  d u r in g  t h i s  f u r t h e r  p e r io d  th e r e  i s  p r a c t i 

c a l l y  no f r e e  dye i n  th e  p er ito n eu m  t o  le a d  t o  In c r e a s e d  

s t a i n i n g  o f  c e l l s  i n  s i t u .
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Changes In  th e  p e r i t o n e a l  m e s o th e l iu m  fo l lo w in g :  th e  I n j e c t i o n  

o f  d y e s  .

I t  i s  c o n v e n i e n t  t o  draw a t t e n t i o n  h e r e  t o  th e  d e g r e e s  

o f  v i t a l  s t a i n i n g  fo u n d  i n  m e s o t h e l i a l  c e l l s  i n  s i t u .

A f t e r  a  s i n g l e  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  i sa m in e  b lu e  

s t a i n i n g  o f  t h e  s e r o s a l  c e l l s  i s  o f t e n  a b s e n t  i n  f i x e d  

p r e p a r a t i o n s  and i n  f r e s h  c e l l s  I s  l i m i t e d  t o  a few  t i n y  

g r a n u le s  n e a r  th e  n u c l e u s .  A f t e r  r e p e a t e d  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 s a m in e  b lu e  a s m a l l  c r e s c e n t  o f  f i n e  s t a i n e d  

g r a n u le s  may be fo rm ed , w i t h  d ia m in e  f a s t  s c a r l e t  th e  

g r a n u le s  a r e  c o a r s e r  and more ab u n d an t;  th e y  a r e  a l s o  more 

s c a t t e r e d  I n  t h e  c y t o p la s m .  a f t e r  r e p e a t e d  i n t r p e r i t o n e a l  

i n j e c t i o n s  o f  t r y p a n  b l u e ,  h ow ev er , dye d e p o s i t s  o f  much 

g r e a t e r  e x t e n t  o c cu r  and la r g e  m asses  o f  s m a l l  I r r e g u l a r l y  

sh a p ed  g r a n u le s  d e v e l o p  i n  th e  s e r o s a l  c e l l s  ( f i g . 103 ) .

These a r e  u s u a l l y  c l o s e  t o  th e  n u c le u s  and form th e  g e n e r a l l y  

d e s c r i b e d  p e r i n u c l e a r  c r e s c e n t  ( f i g .  103 ) .  When su c h

c e l l s  become f r e e  a s  a r e s u l t  o f  I r r i t a t i o n ,  th e  c r e s c e n t  o f  

g r a n u le s  l a  u s u a l l y  s i t u a t e d  around th e  n u c le u s ,  bu t I  have  

o b se rv e d  c e l l s  o f  undoubted  m e s o t h e l i a l  ty p e  i n  w h ich  the  

g r a n u le s  w ere more s c a t t e r e d  i n  t h e  c y to p la sm  and ev en  

e x te n d e d  i n t o  t h e  o u t s t r e t c h e d  p r o c e s s e s .  By com parison  

w it h  th e  r e s u l t s  o f  s u p r a v i t a l  s t a i n i n g  in  normal a n im als  i t  

i s  c l e a r  t h a t  s u c h  a p p e a r a n c e s  r e p r e s e n t  a m arkedly s t im u la t e d  

c o n d i t i o n  o f  th e  c e l l s .  I t  i s  i n t e r e s t i n g  t o  n o te  th a t
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a f t e r  d e c o l o u r i s a t i o n  o f  th e  a n im a l  o c cu rs  from  la p s e  o f  

t i m e ,  t h e  c e l l s  ap p ea r  t o  r e t a i n  f o r  a p e r io d  t h e i r  en h an ced  

c a p a c i t y  f o r  dye s t o r a g e .  Thus I have o b se r v e d  t h a t  a 

s i n g l e  in tra v en o u s  i n j e c t i o n  o f  a r a p i d l y  s t o r e d  d y e ,  e . g .  

l i t h i u m  c a r m in e ,  i n  a r a b b i t  p a r t l y  d e c o l o r i s e d  a f t e r  

r e p e a t e d  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  t r y p a n  b lu e  i s  

f o l l o w e d  by a d e g r e e  o f  carm ine s t a i n i n g  i n  th e  o th e r w is e  

c o l o u r l e s s  m e s o t h e l i a l  c e l l s  i n  e x c e s s  o f  t h a t  o b t a in e d  by  

s i m i l a r  i n j e c t i o n  g i v e n  t o  an  u n t r e a t e d  a n im a l .  The 

m acrophages  a l s o  a c q u ir e  t h i s  p r o p e r ty  o f  enhan ced  s t a i n i n g  

a s  a r e s u l t  o f  p r e l im in a r y  t r e a t m e n t .

as e a r l y  a s  2 hou rs 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 ia m in e  f a s t  s c a r l e t  or isa m in e  b l u e ,  a few s e r o s a l  c e l l s  

ca n  be r e c o g n i s e d  i n  t h e  p e r i t o n e a l  f l u i d ,  and s u c h  c e l l s  

can  g e n e r a l l y  be fou n d  a t  a l l  s t a g e s  up t o  96 h o u r s .  They  

u s u a l l y  o c c u r  s i n g l y  or i n  s m a l l  g r o u p s ,  th e  la r g e r  s h e e t s  

so m etim es  fo u n d  a r e  p r o b a b ly  tr a u m a t ic  i n  o r i g i n  i n  

c o l l e c t i n g  t h e  e x u d a t e .

I n  t h e  e a r l i e r  s t a g e s ,  i . e .  6 -  24 h o u r s ,  d e g e n e r a t iv e  

ch a n g es  i n  t h e  desquam ated  s e r o s a l  c e l l s  a r e  common; th e  

n u c le u s  and c y to p la s m  become d i f f u s e l y  s t a i n e d  i n d i c a t i n g  

t h a t  c e l l  d e a t h  has  o c c u r r e d .  P y k n o tic  changes i n  the  

n u c l e i  a r e  uncommon, m ost o f  th e  damaged s e r o s a l  c e l l s  

a p p e a r in g  t o  d i s i n t e g r a t e  b y  l y s i s ,  on th e  o th er  hand 

p y k n o s is  i s  f r e q u e n t l y  s e e n  i n  polymorphs and m o n o n u c lea rs .  

From 24 h o u r s  onw ards , m i t o s e s  can  be found b o th  in . th e
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free and attached mesothelial cells more often indeed than 

in the macrophages (fig. 104 ). The daughter cells can 

generally he distinguished from macrophages by their 

nuclear configuration, basophilic cytoplasm and by the 

relatively scanty v i ta l  staining (fig. 104 ), but i t  has

been observed that in the later stages some of the free 

proliferated serosal cells bear a strong resemblance to 

macrophages.

Proliferation of serosal cells is more marked on the 

omentum than on the mesentery or on the parietal peritoneum; 

and the omental mesothelium seems to be shed and gives rise 

to free cells more readily than elsewhere. In spread 

preparations of omentum rounded swollen mesothelial cells 

are frequently seen with unusually large accumulations of 

v i ta l ly  stained granules, and occasionally even with an 

ingested polymorph in their cytoplasm. I t  Is especially 

in such cases that difficulty  is encountered in deciding 

whether the cells are actually in process of transformation 

into macrophages, and while I do not consider that they 

furnish any considerable proportion, I am not prepared to 

deny that transformation of serosal cells into macrophages 

may occur.

In the la ter stages of the reaction following diamine 

fast scarle t ,  i . e .  48 - 96 hours after a single large dose 

of dye or a f te r  several smaller doses, curious cellular 

formations are found. Free mesothelial cells appear to



attach themselves to masses of the sticky precipitate 

resulting from the mixture of dye solution and serous 

exudate (fig. 104 ), or to aggregates of heavily stained 

macrophages adhering to such masses. The serosal cells 

divide by mitosis and eventually form a complete surface 

layer covering the mass, which now presents a curious 

mulberry appearance. The mode of formation of these 

mulberry-like structures is i l lustrated in fig. 104 , and

i t  is noteworthy that such altered serosal cells may show 

enhanced degrees of v i ta l  staining. The covering of these 

aggregates of precipitate and entangled macrophages by 

serosal cells appears to correspond to what Marchand (1 9 2 1 )  

observed following the introduction or lycopodium spores, or 

to the healing of the explant by growth of mesothelium or 

epithelium over the cut surface noted by Carleton (1925)  

in tissue cultures o f  lung.
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P e r i t o n e a l  r e a c t i o n s  I n  a n im a ls  v i t a l l y  s t a i n e d  b y  p r e v io u 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  o f  d y e .

I t  h a s  b e e n  p o i n t e d  o u t  t h a t  i f  a  p e r i t o n e a l  e x u d a te  be  

d e v e l o p e d  a f t e r  v i t a l  s t a i n i n g  in d u c e d  b y  r e p e a t e d  su b 

c u ta n e o u s  i n j e c t i o n s  o f  d y e ,  t h e  e x u d a te  c o n t a in s  o n ly  

s c a n t y  s t a i n e d  c e l l s  u n l e s s  t h e r e  be  a  c o n s i d e r a b l e  amount 

o f  f r e e  d ye  a v a i l a b l e  i n  th e  t i s s u e  f l u i d s .  I t  app eared  

t h a t  t h e  m a j o r i t y  o f  t h e  l a r g e  m acrophages i n  t h e  l a t e r  

s t a g e s  o f  t h e  r e a c t i o n  w ere c e l l s  d e v e lo p e d  from u n s t a in e d  

p r e c u r s o r s ,  and t h a t  t h e  m ature h i s t i o c y t e s  o f  t h e  l o c a l  

t i s s u e s  form ed  o n l y  a s m a l l  p r o p o r t io n  o f  th e  e x u d a te  c e l l s .  

L e s t  t h i s  r e s u l t  s h o u ld  be  due t o  t h e  n u m e r ic a l  i n f e r i o r i t y  

o f  f u l l y  d e v e lo p e d  h i s t i o c y t e s  i n  t h e  t i s s u e s  i n  com parison  

w it h  t h e  im m ature c e l l s  o f  t h e  a d v e n t i t i a l  s h e a t h s ,  e t c . ,  

e x p e r im e n ts  w ere  p er fo rm ed  u s i n g  a n im a ls  whose p e r i t o n e a l  

t i s s u e s  c o n t a i n e d  a v e r y  l a r g e  number o f  h e a v i l y  s t a i n e d  

h i s t i o c y t e s  a s  a  r e s u l t  o f  p r e v io u s  r e p e a t e d  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  d y e .  T h is  group c o n s i s t e d  o f  33  m ic e ,  

w h ich  had  r e c e i v e d  r e p e a t e d  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  i n  

10  a n im a ls  o f  t r y p a n  b l u e ,  i n  10  o f  i sa m in e  b l u e ,  i n  10  o f  

d ia m in e  f a s t  s c a r l e t  and i n  3 o f  v i t a l  new r e d .  In  a d d i t i o n ,  

4  g u i n e a - p i g s  r e c e i v e d  one o r  more 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  d ia m in e  f a s t  s c a r l e t .  A f t e r  th e  l a s t  i n j e c t i o n  

o f  d y e ,  an  i n t e r v a l  was a l lo w e d  s u f f i c i e n t  t o  p erm it  o f  th e
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r e t u r n  o f  t h e  f r e e  v i t a l l y  s t a i n e d  m acrophages  t o  t h e  

t i s s u e s  a s  p r e v i o u s l y  d e s c r i b e d .

Some a n im a ls  th e n  r e c e i v e d  b r o t h  a s  t h e  p e r i t o n e a l  

s t i m u l a n t ,  o t h e r s  w ere g i v e n  an i n j e c t i o n  o f  a s u i t a b l e  

d y e  o f  c o n t r a s t i n g  c o l o u r ,  i . e .  i s a m in e  b lu e  s t a i n e d  

a n im a ls  r e c e i v e d  d ia m in e  f a s t  s c a r l e t ,  and v i c e  v e r s a ; 

t h e  r e s u l t i n g  e x u d a t e  was exam ined  a t  i n t e r v a l s  a s  b e f o r e .

The f o l l o w i n g  a r e  i l l u s t r a t i v e  p r o t o c o l s  o f  th e  

t r e a t m e n t  r e c e i v e d  b y  i n d i v i d u a l  a n im a ls  i n  t h i s  g r o u p .

(a )  A mouse r e c e i v e d  5 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  
1 p e r  c e n t ,  i s a m in e  b lu e  a t  w e e k ly  i n t e r v a l s ,  and 
f o u r  w eek s a f t e r  t h e  l a s t  i n j e c t i o n  was s t i l l  
i n t e n s e l y  s t a i n e d .  A fragm en t o f  su b cu ta n eo u s  
t i s s u e  was rem oved from  th e  t h i g h  un der  e t h e r  a n a e s 
t h e s i a  and i n  i t  t h e  h i s t i o c y t e s  w ere i n t e n s e l y  
s t a i n e d .  1 c . c .  o f  1  p e r  c e n t ,  s o l u t i o n  o f  d iam ine  
f a s t  s c a r l e t  was t h e 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 ,  
and t h i s  was r e p e a t e d  a f t e r  4 8  h o u r s .  The r e s u l t i n g  
e x u d a t e  was exam in ed  a t  i n t e r v a l s  from 12 -  120 h o u r s ,  
when t h e  a n im a l  was k i l l e d .  The c e l l s  were o f  th e  
u s u a l  t y p e  and showed p r o g r e s s i v e  a c c u m u la t io n  o f
t h e  r e d  d y e .  B lu e  s t a i n e d  c e l l s  were v e r y  s c a n t y  
i n  t h e  e x u d a t e  a t  a l l  s t a g e s ,  a l t h o u g h  su c h  c e l l s  
w ere num erous i n  t h e  p e r i t o n e a l  t i s s u e s .

(b )  A g u i n e a - p i g  r e c e i v e d  two 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  1 0  c . c .  o f  1 p e r  c e n t ,  d iam in e  f a s t  s c a r l e t  a t  
an i n t e r v a l  o f  8 d a y s . The ex u d a te  was exam ined and 
t h e  p r e s e n c e  o f  numerous v i t a l l y  s t a i n e d  c e l l s  n o t e d .  
T w en ty -o n e  d a y s  l a t e r ,  1 c . c .  o f  an 18 hour b r o th  
c u l t u r e  o f  S ta p h . a u r e u s  was 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 ,  
and t h e  r e s u l t i n g  e x u d a te  w ithdrawn a t  i n t e r v a l s ,  th e  
a n im a l  b e in g  k i l l e d  a f t e r  96 h ou rs  when th e  p e r i t o n i t i s  
was a lm o s t  r e s o l v e d .  In  th e  ex u d a te  w hich , i n  th e  
l a t e r  s t a g e s ,  c o n t a in e d  many la r g e  m acrophages , v i t a l l y  
s t a i n e d  c e l l s  w ere  e x t r e m e ly  s c a n t y ,  b u t  t h e y  were  
p r e s e n t  i n  l a r g e  numbers i n  th e  omentum and m e se n te r y  
e s p e c i a l l y  In  t h e  a d v e n t i t i a l  s h e a t h s .

The f i n d i n g s  o f  t h e  p r e v io u s  ex p e r im en ts  were h ere



c o n f ir m e d ;  h i s t i o c y t e s  a lr e a d y  h e a v i l y  v i t a l l y  s t a i n e d  

t a k e  l i t t l e  p a r t  i n  t h e  f o r m a t io n  o f  a s u b se q u e n t  c e l l u l a r  

e x u d a t e ,  and a p p e a r  f r e e  i n  t h e  p e r ito n e u m  o n l y  i n  s m a l l  

numbers ( f i g - i o 6 ) »  The e x u d a te  p ro d u ced  b y  t h e  se c o n d  

s t i m u l u s  i s ,  h o w e v e r ,  a lm o s t  a s  abundant and c e l l u l a r  as  

th e  f i r s t ,  and i s  o f  s i m i l a r  g e n e r a l  c h a r a c t e r .  In  th e  

e a r l y  s t a g e s  t h e r e  i s  an abundant o u tp o u r in g  o f  ly m p h o cy tes  

and m o n o c y te s  w h ic h  d e v e lo p  r a p i d l y  i n t o  young m acrophages  

a s  p r e v i o u s l y  d e s c r i b e d  ( f i g .  106). I f  th e  a g e n t  u s e d  t o  

p ro d u ce  t h e  s e c o n d  r e a c t i o n  be  a dye  o f  d i f f e r e n t  c o lo u r  

from  t h a t  em p loyed  i n  t h e  p r e l im in a r y  s t a i n i n g ,  e . g .  d iam in e  

f a s t  s c a r l e t  f o l l o w i n g  a f t e r  i s a m in e  b l u e ,  i t  i s  found t h a t  

t h e  n e w ly  form ed m acrophages  s t a i n  v i t a l l y  w i t h  th e  u s u a l  

r a p i d i t y ,  and we h a v e  th u s  t h e  phenomenon o f  f r e e  c e l l s  

v i t a l l y  s t a i n e d  r e d  w h i l e  th e  c e l l s  th ro u g h o u t  t h e  body  

a r e  s t a i n e d  b l u e .  In  t h e  p e r i t o n e a l  t i s s u e s  o f  such  

a n im a ls  i n  a d d i t i o n  t o  many h i s t i o c y t e s  la d e n  w i t h  th e  

f i r s t  a d m i n i s t e r e d  dye t h e r e  a r e  many c e l l s  w h ich  have  

a l s o  t a k e n  up t h e  s e c o n d  d y e ,  b u t  o t h e r s  c o n t a in  o n ly  th e  

l a t t e r  ( f i g . 1 0 7 ) .  I t  i s  c l e a r  t h e r e f o r e  t h a t  th e  r e l a t i v e  

a b se n c e  o f  s t a i n e d  c e l l s  i n  t h e  ex u d a te  i s  n o t  due t o  la c k  

o f  s u c h  c e l l s  i n  t h e  t i s s u e s ,  b u t  must r e s u l t  from an 

i n h i b i t i o n  o f  t h e i r  m ig r a t o r y  p o w e r s .  N e v e r t h e le s s  such  

c e l l s  a r e  s t i l l  a b l e  t o  a b so rb  and s t o r e  f u r t h e r  q u a n t i t i e s  

o f  dye  r e a c h i n g  them i n  s i t u ,  and t h e y  ca n n o t th u s  be
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c o n s i d e r e d  a s  f u n c t i o n a l l y  p a r a l y s e d .  Even a f t e r  r e p e a t e d  

i n j e c t i o n  o f  h i g h l y  c o l l o i d a l  d y e ,  t h e  p e r i t o n e a l  t i s s u e s  

c o n t i n u e  t o  e x h i b i t  many s m a l l  round c e l l s  o f  ly m p h o c y te - 

and m o n o c y t e - t y p e ,  n o  m a t t e r  how g r e a t  t h e  number o f  

v i t a l l y  s t a i n e d  h i s t i o c y t e s  p r e s e n t .  As p r e v i o u s l y  d e s 

c r i b e d ,  m i t o s i s  i n  f u l l y  form ed h i s t i o c y t e s  i s  r a r e ,  t h e  

g r e a t  m a j o r i t y  o f  t h e  d i v i d i n g  c e l l s  fo u n d  i n  sp rea d  

p r e p a r a t i o n s  o r  i n  s e c t i o n s  a r e  e i t h e r  o f  m e s o t h e l i a l  ty p e  

or  a r e  s m a l l  u n s t a i n e d  c e l l s .  I t  w ould th u s  ap p ear  t h a t  

i n  t h e  s m a l l  round c e l l s  o f  t h e  a d v e n t i t i a l  s h e a t h s  and 

t a c h e s  l a l t e u s e s  t h e r e  i s  a p r a c t i c a l l y  i n e x h a u s t i b l e  s u p p ly  

o f  c e l l s  from  w h ich  new m acrophages  a r e  d e v e lo p e d  a s  n eed  

a r i s e s .
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DISCUSSION AND SUMMARY.

In  t h e  f o r e g o i n g  e x p e r im e n ts  i n  m ice  and g u in e a  p i g s  

t h e  c h a r a c t e r s  o f  t h e  c e l l u l a r  r e s p o n s e  i n  t h e  p e r ito n e u m  

h a v e  b e e n  s t u d i e d  f o l l o w i n g  t h e  i n t r o d u c t i o n  o f  v a r io u s  

m i l d  i r r i t a n t s  s u c h  a s  s t e r i l e  b r o t h  and v a r io u s  h i g h l y  

c o l l o i d a l  d y e s . The r e a c t i o n  f o l l o w i n g  t h e  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 y e s  su c h  a s  d ia m in e  f a s t  s c a r l e t  and is a m in e  

b lu e  i s  s l o w e r  i n  d e v e lo p m en t and l a s t s  lo n g e r  th a n  t h a t  

f o l l o w i n g  s t e r i l e  b r o t h ,  b u t  th e  ch an ges  a r e  e s s e n t i a l l y  

s i m i l a r ,  and th e  o u t s t a n d in g  f e a t u r e  o f  b o th  i s  th e  h ig h  

p r o p o r t i o n  o f  m o n o n u c lea r  c e l l s  i n  t h e  e x u d a t e .

The a t t e m p t  h a s  b een  made b y  means o f  v i t a l  and su p ra 

v i t a l  s t a i n i n g  t o  t r a c e  th e  o r i g i n  and d ev e lo p m en t o f  th e  

l a r g e  m o n o n u c le a r  c e l l s  w h ich  a r e  so  p ro m in en t i n  th e  l a t e r  

s t a g e s  o f  a r e s o l v i n g  p e r i t o n i t i s .  By t h e  s tu d y  o f  v e r y  

e a r l y  s t a g e s  i t  h a s  b e e n  shown t h a t  t h e  f i r s t  c e l l s  t o  

i n c r e a s e  i n  t h e  p e r ito n e u m  a r e  s m a l l  m on on u clears  r e s e m b l in g  

ly m p h o c y te s  and m o n o c y t e s .  S u p r a v i t a l  s t a i n i n g  w ith  n e u t r a l  

r e d  and ja n u s  g r e e n  h a s  shown t h a t  t h e s e  c e l l s  c a n n o t  be 

s h a r p ly  d i v i d e d  a s  S a b in  Doan and Cunningham (1 9 2 5 )  and  

a l s o  W it t s  (1 9 2 8 )  c l a i m ,  b u t  t h a t  t h e s e  a re  m e r e ly  fu n c -  

t u o n a l  v a r i a t i o n s  o f  t h e  same c e l l  t y p e ;  t h i s  i s  in  

a g reem en t w i t h  t h e  v ie w s  o f  Maximow (1 9 2 7 ,  1 9 2 8 ) .  Many



w o r k e rs  h a v e  n o t e d  th e  p r e s e n c e  o f  ly m p h o c y te s  and m o n o cy tes  

i n  t h e  e a r l y  s t a g e s  o f  th e  r e a c t i o n  and h a v e  c a l l e d  a t t e n t i o n  

t o  t h e  r e l a t i v e l y  l a t e  a p p ea ra n ce  o f  th e  f u l l y  d e v e lo p e d  

m a c r o p h a g e s .  S in c e  th e  l a t t e r  c e l l s  a r e  i n d i s t i n g u i s h a b l e  

from  t h e  h i s t i o c y t e s  o f  t h e  a d j a c e n t  t i s s u e s  e s p e c i a l l y  th e  

omentum and m e s e n t e r y  i t  h a s  g e n e r a l l y  b een  c o n s id e r e d  t h a t  

t h e  l a t e  a p p e a r a n c e  o f  t h e  m acrophages i n  t h e  e x u d a te  was 

due t o  t h e  s lo w  m o b i l i s a t i o n  and m ig r a t io n  o f  t h e  h i s t i o c y t e s  

(P appenh eim  1 9 1 3 ,  Pappenheim  and F u k u sh i 1 9 1 4 ,  Cunningham 

1 9 2 2 ) .  E v id e n c e  h a s  b een  p r e s e n t e d  t o  show t h a t  c e l l s  

i n d i s t i n g u i s h a b l e  from ly m p h o c y te s  when f r e e  i n  an in f la m 

m a to ry  e x u d a t e  may u n d ergo  a s e r i e s  o f  p r o g r e s s i v e  changes  

c u l m i n a t i n g  i n  t h e i r  t r a n s f o r m a t io n  i n t o  m a cro p h a g es ,  and  

t h a t  d u r in g  t h e s e  ch an ges  t h e y  may p a s s  th ro u g h  a s t a g e  i n  

w h ich  t h e y  p r e s e n t  t h e  m o r p h o lo g ic a l  ap p earan ce  and s u p r a 

v i t a l  s t a i n i n g  r e a c t i o n s  o f  m o n o c y t e s . The e x p e r im e n ts  

h e r e  r e c o r d e d  h a v e  shown c l e a r l y  t h a t  f u l l y  formed h i s t i o 

c y t e s  e v e n  when p r e s e n t  i n  enormous numbers i n  t h e  omentum 

and m e s e n t e r i e s  p l a y  a r e l a t i v e l y  u n im p o r ta n t  p a r t  in  

f u r n i s h i n g  c e l l s  t o  t h e  e x u d a t e .  The l a t e  ap p earan ce  o f  

t h e  t y p i c a l  l a r g e  m acrophages i s  due t o  th e  l e n g t h  o f  t im e  

r e q u ir e d  f o r  t h e  d e v e lo p m en t o f  t h e s e  c e l l s  from t h e i r  

s m a l l e r  p r o g e n i t o r s . The la r g e  c e l l s  a re  m e r e ly  th e  

s m a l l e r  ly m p h o c y te s  m o n o cy tes  and immature h i s t i o c y t e s  

w h ich  h a v e  u n d erg o n e  a s t r i k i n g  f u n c t i o n a l  h y p e r tr o p h y .
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The s m a l l  c e l l s  w h ich  a p p ea r  a t  f i r s t  do n o t  show  

v i t a l  s t a i n i n g  t o  any s i g n i f i c a n t  e x t e n t ,  b u t  a s  t h e y  

d e v e lo p  i n  t h e  l a t e r  s t a g e s  o f  t h e  r e a c t i o n  t h e y  a c q u ir e  

t h e  c a p a c i t y  t o  s t a i n .  The i n t e n s i t y  o f  t h e i r  c o l o r a t i o n  

d ep en d s  on t h e  amount o f  f r e e  dye  a v a i l a b l e  t o  th em . When 

f r e e  dye  i s  p r e s e n t  i n  th e  b lo o d  and t i s s u e  f l u i d s  a s  a 

r e s u l t  o f  in t r a v e n o u s  or  su b c u ta n e o u s  i n j e c t i o n  s t a i n i n g  

o f  t h e  e x u d a t e  c e l l s  i s  n o t  u s u a l l y  v e r y  i n t e n s e  ow ing t o  

t h e  s m a l l  amount o f  dye  p a s s i n g  i n t o  t h e  f l u i d  e x u d a te ,  

b u t  when t h e  dye i s  a d m in i s t e r e d  i n t r a p e r i t o n e a l l y  v e r y  

i n t e n s e  s t a i n i n g  o f  th e  f r e e  c e l l s  o c c u r s .  The la c k  o f  

v i t a l  s t a i n i n g  i n  t h e  t y p i c a l  s m a l l  ly m p n o cy te s  app ears  

t o  b e  due t o  t h e  f a c t  t h a t  a t  l e a s t  s e v e r a l  h ou rs  c o n t a c t  

w it h  t h e  dye s o l u t i o n  i s  r e q u ir e d  b e f o r e  th e  fo r m a tio n  

o f  ’v a c u o l e s '  and t h e  a c c u m u la t io n  o f  dye w i t h i n  them i s  

s u f f i c i e n t l y  marked t o  be  c l e a r l y  v i s i b l e .  W ith t h e  more 

h i g h l y  c o l l o i d a l  d y e s  u s e d  t h i s  l a g  p e r io d  i s  ab ou t 5 - 6  

h o u r s ;  b y  t h e  en d  o f  t h i s  t im e ,  h ow ever , t h e  lym p h ocytes  

w h ich  a r e  i n  p r o c e s s  o f  d i f f e r e n t i a t i n g  i n t o  m on ocytes  or  

m acrop h ages  h a v e  a l r e a d y  begun t o  a l t e r  t h e i r  m orphology,  

th e  c y t o p la s m  b ecom ing  more abundant and th e  n u c le a r  t e x t u r e  

l e s s  d e n s e .  Maximow (1 9 0 2 )  p o in t e d  o u t how e x tr e m e ly  

r a p i d l y  ly m p h o c y te s  b e g i n  t o  d e v e lo p  when e x t r a v a s a t e d  

i n t o  t h e  s u b c u ta n e o u s  t i s s u e s ;  r e c e n t l y  (1 9 2 8 )  he has
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c o n f ir m e d  t h a t  s i m i l a r  ch a n g e s  o c c u r  i n  c u l t u r e s  o f  b lo o d  

l e u c o c y t e s  i n  v i t r o , t h e  ly m p h o c y te s  sh ow in g  i n c r e a s e  o f  

c y t o p la s m  w i t h  marked a c c u m u la t io n  o f  n e u t r a l  r e d  g r a n u le s  

and n u c l e a r  i n d e n t a t i o n  w i t h i n  s i x  h o u r s  a f t e r  e x p l a n t a t i o n .  

On a c c o u n t  o f  i t s  r a p i d i t y  t h e  m ethod o f  s u p r a v i t a l  s t a i n i n g  

w it h  n e u t r a l  r e d  i s  h e r e  o f  g r e a t  s e r v i c e  i n  d e m o n s tr a t in g  

t h a t  i n t e r v e n i n g  s t a g e s  d u r in g  w hich  t h e  t i n y  s e g r e g a t i o n  

a p p a r a tu s  o f  ly m p h o c y te s  i s  u n d e r g o in g  h y p e r tr o p h y ,  b u t  h a s  

n o t  y e t  e f f e c t e d  a s u f f i c i e n t  s t o r a g e  o f  v i t a l  s t a i n  t o  be 

c l e a r l y  v i s i b l e .  In  th e  l a r g e r  c e l l s  o f  th e  e a r l y  s t a g e s ,  

a s i m i l a r  h y p e r tr o p h y  o f  t h e  s e g r e g a t i o n  a p p a ra tu s  h a s  b een  

o b s e r v e d  b e f o r e  s t o r a g e  o f  t h e  v i t a l  s t a i n  became v i s i b l e .

The o r i g i n  o f  t h e  s m a l l  round c e l l s  -  ly m p h o c y te s ,  

m o n o cy te s  and imm ature h i s t i o c y t e s  -  w h ich  ap p ea r  so  r a p i d l y  

i n  t h e  p e r i to n e u m  i s  b e l i e v e d  t o  be c h i e f l y  from th e  c e l l s  

o f  t h e  a d v e n t i t i a l  s h e a t h s  and t a c h e s  l a l t e u s e s ,  e s p e c i a l l y  

o f  t h e  omentum and m e s e n t e r i e s .  As p r e v i o u s l y  p o in t e d  o u t  

t h e s e  c e l l u l a r  c o l l e c t i o n s  a r e  composed c h i e f l y  o f  t h e  above  

t y p e s  o f  immature c e l l s ,  w h i l e  t h e  number o f  f u l l y  d e v e lo p e d  

h i s t i o c y t e s  c a p a b le  o f  a c t i v e  dye s t o r a g e  i s  r e l a t i v e l y  

s m a l l  i n  n orm al a n i m a l s . I t  h a s  b een  shown, h ow ever , t h a t  

th e  number o f  v i t a l l y  s t a i n e d  c e l l s  i s  g r e a t l y  i n c r e a s e d  In  

c o n d i t i o n s  o f  l o c a l  s t i m u l a t i o n  f o l l o w i n g  t h e  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 y e ,  a s  a  r e s u l t  b o th  o f  d eve lop m en t i n  s i t u
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and. from  t h e  r e t u r n  o f  s t a i n e d  c e l l s  from  t h e  e x u d a te  i n t o  

t h e  t i s s u e s ,  As r e g a r d s  t h e  p a r t  p la y e d  by e m ig r a t io n  o f  

m o n o n u c le a r  c e l l s  from  t h e  b lo o d ,  no e v id e n c e  h a s  been  

o b t a i n e d  t o  show t h a t  t h e  m a j o r i t y  o f  t h e  e x u d a te  c e l l s  a r e  

s o  d e r i v e d ;  i t  i s  p r o b a b le  t h a t  some m on o n u c lea r  c e l l s  

come from  t h e  b lo o d  i n  in f la m m a to r y  c o n d i t i o n s  g e n e r a l l y .

T h is  s o u r c e ,  h o w e v e r ,  i s  l i k e  t o  be  o f  l e s s  im p o rta n ce  

i n  t h e  p e r i to n e u m  t h e  t i s s u e s  o f  w h ich  a r e  s o  r i c h l y  s u p p l i e d  

w it h  c e l l s  c a p a b le  o f  e m ig r a t io n  and d ev e lo p m en t th an  in  

o t h e r  s i t u a t i o n  w here s u c h  c o l l e c t i o n s  o f  a d v e n t i t i a l  c e l l s  

a r e  l a c k i n g .  S in c e  m i t o t i c  f i g u r e s  a r e  c o n s p ic u o u s ly  

a b s e n t  i n  t h e  e a r l y  s t a g e s  o f  t h e  r e a c t i o n  b o th  i n  t h e  f r e e  

c e l l s  a n d  i n  t h e  a d j a c e n t  t i s s u e s ,  i t  i s  c l e a r  t h a t  th e  

s m a l l  c e l l s  a r e  n o t  p rod u ced  b y  d i v i s i o n  o f  t h e  l a r g e r  

h i s t i o c y t e s .  The p e r s i s t e n c e  o f  ly m p h o cy te s  i n  t h e  l a t e r  

s t a g e s  o f  t h e  r e a c t i o n  c a n n o t  be  adduced a s  e v id e n c e  

a g a i n s t  t h e  p r o g r e s s i v e  d e v e lo p m e n t  above d e s c r i b e d .

Maximow ( 1 9 2 8 )  h a s  a l s o  shown t h a t  i n  c u l t u r e s  o f  b lo o d  

c e l l s  i n  v i t r o  a  p r o p o r t io n  o f  t h e  ly m p h o cy tes  f a i l  t o  

d e v e lo p  and p e r s i s t  i n  t h e i r  o r i g i n a l  s t a t e ;  su ch  c e l l s  

c o u ld  n o t  be  d i s t i n g u i s h e d  e i t h e r  by t h e i r  s u p r a v i t a l  or  

f i x e d  s t a i n i n g  r e a c t i o n s  from t h o s e  w h ich  s u b s e q u e n t ly  

u n d erw en t t r a n s f o r m a t i o n  i n t o  p o l y b l a s t s .

When t h e  s t im u lu s  p r o d u c in g  th e  r e a c t i o n  i s  e x h a u s te d  

th e  m a j o r i t y  o f  t h e  f r e e  c e l l s  r e t u r n  t o  th e  t i s s u e s  where
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t h e y  may assum e t h e  r e s t i n g  form  a f t e r  d i g e s t i n g  o r  o t h e r 

w i s e  d i s p o s i n g  o f  t h e  m a t e r i a l s  w h ich  t h e y  to o k  up when i n  

t h e  f r e e  s t a t e .  I t  i s  p r o b a b le  t h a t  t h e  lo n g  d u r a t io n  o f  

t h e  r e a c t i o n  f o l l o w i n g  t h e  i n j e c t i o n  o f  a  dye s u c h  a s  

d ia m in e  f a s t  s c a r l e t  i s  due t o  t h e  d i f f i c u l t y  i n  a b s o r b in g  

t h e  f l o c c u l a t e d  c o l l o i d .  The p e r s i s t e n c e  o f  l a r g e  v i t a l l y  

s t a i n e d  c e l l s  i n  th e  t i s s u e s  a p p ea rs  a l s o  t o  be r e l a t e d  t o  

t h e  d i f f i c u l t y  i n  d i s p o s i n g  o f  t h e  p r a c t i c a l l y  i n e r t  dye  

g r a n u l e s ,  s i n c e  su c h  s u b s t a n c e s  do n o t  ap p ea r  t o  be broken  

up t o  any e x t e n t  b y  c e l l u l a r  m e ta b o l i s m .  Such c e l l s  a re  

t h e r e f o r e  e a s i l y  r e c o g n i s e d  i n  t h e  t i s s u e s  f o r  l o n g  p e r i o d s .  

When a  f u r t h e r  p e r i t o n e a l  r e a c t i o n  be  in d u c ed  i n  su ch  an  

a n im a l i t  h a s  b e e n  shown t h a t  th e  c e l l s  p r e v i o u s l y  a c t i v e  

and s t i l l  r e c o g n i s a b l e  b y  t h e i r  c o n t e n t  o f  v i t a l  dye  ta k e  

r e l a t i v e l y  l i t t l e  p a r t  i n  t h e  new e x u d a t io n ,  t h e  l a r g e  

m acrop h ages  o f  w h ich  a r e  a g a in  form ed b y  grow th  and d i f f e r e n 

t i a t i o n  o f  s m a l l e r  u n s t a i n e d  c e l l s .  T his  p r o c e s s  ap p ears  

t o  be  c a p a b le  o f  a lm o s t  i n d e f i n i t e  r e p e t i t i o n ,  and th e  

s u p p ly  o f  s m a l l  u n d i f f e r e n t i a t e d  c e l l s  seems t o  be  n e a r l y  

i n e x h a u s t i b l e .  I t  m ust be  em p h a s ise d ,  h ow ever , t h a t  w h i le  

th e  v i t a l l y  s t a i n e d  h i s t i o c y t e s  a r e  n o t  prone t o  m ig r a te  

i n t o  t h e  e x u d a t e  n e v e r t h e l e s s  t h e y  a re  n o t  d e v o id  o f  c a p a c i t y  

f o r  t a k i n g  up f u r t h e r  q u a n t i t i e s  o f  f o r e i g n  s u b s ta n c e s  

r e a c h in g  them  i n  s i t u . The s t o r a g e  c a p a c i t y  o f  i n d i v i d u a l  

c e l l s  i s ,  t o  ju d g e  b y  th e  s i z e  w h ich  i n t r a c e l l u l a r  dye
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d e p o s i t s  may a t t a i n ,  v e r y  g r e a t  and i n  a d d i t i o n  t h e  number 

o f  a c t i v e  dye  s t o r i n g  c e l l s  i n  t h e  t i s s u e s  i s  v e r y  r a p i d l y  

i n c r e a s e d  when r e q u i r e d .

As r e g a r d s  t h e  p a r t  p la y e d  b y  s e r o s a l  c e l l s  i n  

in f la m m a t o r y  c o n d i t i o n s ,  t h e  e v id e n c e  i n d i c a t e s  t h a t  t h e s e  

do n o t  g i v e  r i s e  t o  an y  c o n s i d e r a b l e  p r o p o r t io n  o f  th e  

m a c r o p h a g e s ,  th o u g h  s u c h  t r a n s f o r m a t io n s  may o c c a s i o n a l l y  

o c c u r .  S c h o t t  (1 9 0 9 )  c o n s id e r e d  t h a t  t h e  p e r i t o n e a l  

p h a g o c y te s ,  w ere d e r i v e d  i n  l a r g e  p a r t  from th e  c e l l s  o f  

t h e  omentum, e s p e c i a l l y  t h e  s e r o s a l  c e l l s ,  b u t  t h a t  lym p hoid  

and o t h e r  c o n n e c t i v e  t i s s u e  e le m e n ts  a l s o  to o k  p a r t .  As 

I  h a v e  a l r e a d y  p o i n t e d  o u t  t h e  ch a n g es  i n  t h e  omentum a r e  

e s p e c i a l l y  d i f f i c u l t  t o  a n a l y s e ,  s i n c e  t h e  s e r o s a l  c e l l s  

i n  t h i s  s i t u a t i o n  u n d ergo  more p ron ou n ced  m o r p h o lo g ic a l  

a l t e r a t i o n s  f o l l o w i n g  s t i m u l a t i o n  th an  t h e y  do e l s e w h e r e .  

liVhile I  h a v e  n o t  o b t a in e d  e v id e n c e  t h a t  s e r o s a l  c e l l s  a re  

s p e c i a l l y  c o n c e r n e d  i n  th e  fo r m a t io n  o f  m acrop h ages , i t  

i s  c l e a r  t h a t  t h e y  may u n d ergo  v a r io u s  r e a c t i v e  changes  

u n d er  p a t h o l o g i c a l  c o n d i t i o n s  and may become c o n v e r te d  

i n t o  t a l l  co lum n ar c e l l s  o r  ev en  i n t o  a squamous ty p e  

f o l l o w i n g  r e p e a t e d  m i l d  s t i m u l i  (Cunningham 1924) o r  even  

a s i n g l e  a c u t e  s t i m u l u s  (Young 1 9 2 8 ) .  Marchand (1921)  

d e s c r i b e d  t h e  f o r m a t io n  o f  s y n c y t i a l  g i a n t  c e l l s  around  

ly c o p o d iu m  s p o r e s  in t r o d u c e d  i n t o  t h e  p er ito n eu m ; th e  

s e r o s a l  c e l l s  became l o o s e n e d ,  p r o l i f e r a t e d  and c o v ered
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t h e  s p o r e s  w h ich  had  become a t t a c h e d  t o  t h e  s u r f a c e  o f  th e  

p e r i to n e u m  b y  f i b r i n .  I t  i s  i n t e r e s t i n g  t h a t  Marchand 

a l s o  d e s c r i b e s  t h e  o c c a s i o n a l  t r a n s f o r m a t io n  o f  s e r o s a l  

c e l l s  i n t o  f r e e  m a c r o p h a g e s .  In  t h e  human s u b j e c t  I  have  

o b s e r v e d  s i m i l a r  c h a n g e s  i n  in f la m m a to r y  c o n d i t i o n s  and 

t r a n s u d a t i o n s  i n t o  t h e  p e r i to n e u m ; t h e  s e r o s a l  c e l l s  

become l o o s e n e d ,  s w o l l e n  and form s y n c y t i a l  m a sse s  ( f i g . 10?) 

w h ich  may c o v e r  o v e r  and e n c l o s e  s m a l l  f o r e i g n  b o d ie s  or  

p o r t i o n s  o f  f i b r i n .  I n  t h e  e x p e r im e n ts  r e c o r d e d  above t h i s  

t e n d e n c y  i s  e x e m p l i f i e d  b y  t h e  fo r m a t io n  o f  s m a l l  m u lb erry 

l i k e  m a s s e s  o f  c e l l s  due t o  t h e  grow th  o f  a s u r f a c e  l a y e r  

o f  m e s o th e l iu m  o v e r  a g g r e g a t i o n s  o f  p r e c i p i t a t e d  dye and  

e n t a n g l e d  m a c r o p h a g e s .



The i n f l u e n c e  o f  v i t a l  s t a i n i n g  and o f

r e t i c u l o - e n d o t h e l i a l  b lo c k a d e  on th e  

r e s i s t a n c e  o f  m ice  t o  pneum ococous i n f e c t i o n .

The e f f e c t  on r e s i s t a n c e  o f  v i t a l  s ta in in g  o f  
th e  r e t i c u l o - e n d o t h e l i a l  system  as  a  w hole .

The e f f e c t  o f  v i t a l  s t a i n in g  o f  th e  r e t i c u l o 
e n d o th e l i a l  c e l l s  a t  th e  s i t e  o f  in o c u la t io n — 
th e  p e r i t o n e a l  c a v i ty .

The e f f e c t  on r e s i s t a n c e  o f  b lo ck a d e  o f  th e  
i n t r a v a s c u la r  e le m en ts  o f  th e  r e t i c u l o - e n d o t h e l i a l  
sy s te m  a lo n e  o r  combined w ith  sp lenec tom y , 
neph rec tom y  o r  o th e r  p ro c e d u re s .

The c a p a c i ty  f o r  v i t a l  s ta in in g  in  m oribund 
a n im a ls .

D is c u s s io n .

Summary and  c o n c lu s io n s .
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I n  t h e  d e f e n c e  o f  t h e  a n im a l  body a g a i n s t  i n f e c t i o n  by  

m ic r o -o r g a n is m s  tw o f a c t o r s  h ave  lo n g  b een  r e c o g n i s e d  as  

b e in g  o f  s p e c i a l  s i g n i f i c a n c e ,  v i z .  th e  c e l l u l a r  d e f e n s i v e  

m ech an ism , and t h e  f o r m a t io n  and a c t i o n  o f  hu m oral a n t i 

b o d ie s  . The fo rm er  was f i r s t  em p h a sized  by M e tc h n ik o f f  

and he lo n g  m a in t a in e d  t h a t  t h e  c e l l u l a r  r e a c t i o n s  c o n s t i t u t e d  

t h e  d e c i s i v e  f a c t o r  i n  th e  e s t a b l i s h m e n t  o f  im m unity . O thers,  

h o w e v e r ,  c o n s i d e r e d  t h a t  th e  hum oral f a c t o r s  w ere o f  paramount 

im p o r t a n c e .  R e c e n t l y  e v i d e n c e  has  been  b rou gh t forw ard  t o  

s u g g e s t  t h a t  t h e  r e t i c u l o - e n d o t h e l i a l  s y s t e m  i s  s p e c i a l l y  

c o n c e r n e d  in  b o t h  c o n n e c t i o n s ,  b u t  a s  y e t  t h e r e  i s  no g e n e r a l  

ag reem en t a s  t o  how f a r  s u c h  c o n c l u s i o n s  a r e  j u s t i f i e d .

E x p e r i m e n t a l  w ork h a s  b een  c a r r i e d  on a lo n g  two main 

l i n e s :  ( a )  t o  d e te r m in e  in  w h ic h  organs  a n t i b o d i e s  appear

f i r s t  and i n  g r e a t e s t  c o n c e n t r a t i o n  a f t e r  i n j e c t i o n  o f  

a n t i g e n  i n t o  t h e  c i r c u l a t i o n  or body c a v i t i e s ;  (b )  t o  d e t e r 

mine t h e  e f f e c t  e i t h e r  on r e s i s t a n c e  t o  i n f e c t i o n ,  or on 

a n t ib o d y  f o r m a t i o n  o f  r em o v a l  o f  o r g a n s ,  e . g .  s p le n e c to m y ,  

or d e s t r u c t i o n  o f  s p e c i a l i s e d  t i s s u e s ,  e . g .  th e  h a e m o p o ie t ic  

aystern and  g la n d s  b y  i r r a d i a t i o n  or b y  s p e c i f i c  p o is o n s  su c h  

as b e n z o l .  The m ost r e c e n t  d ev e lo p m en t a lo n g  th e  seco n d  

l i n e  h a s  b e e n  th e  a t t e m p t  t o  p a r a ly s e  th e  f u n c t i o n s  o f  

r e t i c u l o - e n d o t h e l i a l  c e l l s  by t a k i n g  a d van tage  o f  t h e i r  

p h a g o c y t ic  p o w er . The id e a  h a s  g a in e d  w ide a c c e p t a n c e  t h a t ,



b y  f i l l i n g  t h e s e  c e l l s  w i t h  r e l a t i v e l y  i n e r t  p a r t i c u l a t e  

m a t t e r  s u c h  a s  i n d i a  i n k ,  o x id e  o f  i r o n ,  or  v i t a l  d y e s ,  t h e i r  

c a p a c i t y  f o r  f u r t h e r  f u n c t i o n a l  a c t i v i t i e s  may be s e r i o u s l y  

r e d u c e d .  I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  Bardach  in  1889  

u t i l i s e d  t h i s  m ethod  i n  s t u d y i n g  t h e  n a t u r a l  im m unity  o f  

d o g s  t o  a n t h r a x ,  and  fo u n d  t h a t  in t r a v e n o u s  i n j e c t i o n s  o f  

c h a r c o a l  s u s p e n s i o n s  g r e a t l y  i n c r e a s e d  s u s c e p t i b i l i t y  t o  t h e  

i n f e c t i o n .  T h is  m ethod has r e c e n t l y  b een  term ed "r e t i c u l o 

e n d o t h e l i a l  b l o c k a d e i t  h a s  u s u a l l y  b een  com bined w i t h  

s p le n e c t o m y  f o r  t h e  p u rp o se  o f  rem o v in g  t h e  m ost a c c e s s i b l e  

d e p o t  o f  r e t i c u l o - e n d o t h e l i a l  c e l l s .

The p r e s e n t  w ork i s  c o n c e r n e d  w i t h  th e  i n f l u e n c e  o f  t h e  

s o - c a l l e d  r e t i c u l o - e n d o t h e l i a l  b lo c k a d e  on t h e  r e s i s t a n c e  o f  

m ice t o  pneum ococcus i n f e c t i o n .  In  p r e v io u s  com m unications  

th e  m o rp h o lo g y  and d i s t r i b u t i o n  o f  th e  r e t i c u l o - e n d o t h e l i a l  

s y s te m  w ere  d e s c r i b e d ,  and i t  was p o in t e d  o u t t h a t  th e  

c o n s t i t u e n t  c e l l s  f e l l  i n t o  two main g r o u p s ,  ( 1 )  th e  r e t i c u l o 

e n d o t h e l i a l  c e l l s  o f  t h e  o r g a n s ,  e . g .  l i v e r ,  s p l e e n ,  ly m p h a tic  

g la n d s  and bone m arrow, w h ich  a r e  in  d i r e c t  c o n t a c t  w i t h  th e  

b lo o d  and lymph s tr e a m ;  and ( 2 )  th e  e x t r a v a s c u l a r  h i s t i o c y t e s .  

The im p o r ta n c e  o f  b o t h  g ro u p s  o f  c e l l s  i n  t h e  e s t a b l i s h m e n t  

o f  im m unity  t o  pneum ococcus and o t h e r  i n f e c t i o n s  h a s  been  

em p h a sized  b y  v a r i o u s  w r i t e r s  (Kyes 1916.,, S in g e r  and A d ler  

1924 •̂ 2 , N e u f e l d  and Meyer 1 9 2 4 ) .
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I n  v ie w  o f  t h e s e  r e s u l t s  a  s e r i e s  o f  e x p e r im e n ts  w i t h  

pn eu m ococcus i n f e c t i o n  i n  m ice  h a s  b e e n  c a r r i e d  o u t  and th e  

a t t e m p t  made t o  a s s e s s  t h e  e f f e c t s  o f  ( a )  v i t a l  s t a i n i n g  o f  

t h e  r e t i c u l o - e n d o t h e l i a l  s y s t e m  a s  a  w h o le ;  (b )  v i t a l  

s t a i n i n g  o f  r e t i c u l o - e n d o t h e l i a l  c e l l s  a t  t h e  s i t e  o f  

I n o c u l a t i o n ;  ( c )  b lo c k a d e  o f  th e  i n t r a v a s c u l a r  e le m e n t s  o f  

t h e  r e t i c u l o - e n d o t h e l i a l  s y s t e m  e i t h e r  a lo n e  or  com bined  

w i t h  s p le n e c t o m y .



The e f f e c t  on r e s i s t a n c e  o f  v i t a l  s t a i n i n g  o f  t h e  r e t i c u l o 

e n d o t h e l i a l  s y s te m  a s  a w h o l e .

A s t r a i n  o f  p n eu m ococc i p r e s e r v e d  i n  t h e  d r i e d  s p l e e n  

o f  a mouse d ead  o f  p n eu m o co cca l  s e p t i c a e m ia  was p a s s e d  s e v e r a l  

t im e s  th r o u g h  m ic e  u n t i l  0 . 5  c c .  o f  a 1 -  1 0 ,0 0 0  d i l u t i o n  o f  

h e a r t  tolood p rod u ced  a f a t a l  i n f e c t i o n  i n  norm al a n im a ls  on 

i n t r a p e r i t o n e a l  i n j e c t i o n .

Two s e r i e s  o f  m ic e  w ere  p r e v i o u s l y  s u b j e c t e d  t o  i n t r a -  

v ita m  s t a i n i n g  b y  su b c u ta n e o u s  a d m i n i s t r a t i o n  t o  a v o id  

p e r i t o n e a l  r e a c t i o n  t o  t h e  d y e s .  To one s e t  o f  f i f t e e n  m ice  

f i v e  i n j e c t i o n s  o f  i s a m in e  b lu e  w ere  a d m in is t e r e d  a t  i n t e r v a l s  

o f  a b o u t  a  w e ek .  To a n o t h e r  s e t  o f  e l e v e n  m ice  th r e e  

i n j e c t i o n s  o f  t r y p a n  b l u e  w ere  g i v e n .  These a n im a ls  t o g e t h e r  

w i t h  a number o f  u n t r e a t e d  c o n t r o l s  w ere 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  w i t h  a p p r o p r ia t e  d i l u t i o n s  o f  i n f e c t e d  h e a r t  b lo o d  

p r e p a r ed  in  0 . 1  p e r  c e n t ,  g e l a t i n  i n  d i s t i l l e d  w a t e r ,  in  o rd er  

t o  a v o id  p o s s i b l e  d e l e t e r i o u s  a c t i o n  o f  s a l i n e  s o l u t i o n .  The 

f o l l o w i n g  a r e  r e p r e s e n t a t i v e  exam ples  o f  t r e a tm e n t  r e c e i v e d  

by i n d i v i d u a l  a n im a l s .

A m ouse r e c e i v e d  su b c u ta n e o u s  i n j e c t i o n s  o f  1 :1 5 0  
i sa m in e  b l u e ,  1 c . c .  p er  20  gm. body w e i g h t ,  on th e  1 s t . ,
1 1 t h . ,  2 4 t h . ,  3 3 r d .  and 4 0 t h .  d ays o f  th e  ex p er im en t  d u r in g  
w hich t im e  t h e  w e ig h t  o f  t h e  a n im a l in c r e a s e d  from 1 6 .0  gm. t o  
1 9 .0  gm. On 4 8 t h .  d a y  t h e  a n im a l r e c e iv e d  0 . 5  c . c .  o f  a 
1 : 1 ,0 0 0  d i l u t i o n  o f  h e a r t  b lo o d  from a mouse dead o f  
p n eu m ococca l s e p t i c a e m i a :  d e a t h  o ccu rr e d  w i t h i n  48 h o u r s .



To f a c e  p ag e  3 4 5 .

T A B L B I .

Eaoh an im al r e c e iv e d  an  in t r a p e r i t o n e a l  in j e c t i o n  o f  0*5 c . c .  o f  
a  d i l u t i o n  o f  in f e o te d  h e a r t  b lood  from  a  mouse r e c e n t ly  dead o f  
pneumoooooal s e p tic a e m ia . The approx im ate tim e  o f  d e a th  a f t e r  
in o o u la t io n  i s  g iv e n  in  h o u rs ; S = s u r v iv a l .

D ilu t io n s  o f  
in fe o te d  
h e a r t  b lo o d .

TIME OF DEATH a f t e r  in o o u la tio n .

Isam ine b lu e  
s ta in e d .

T rypan b lu e  
s ta in e d . C o n tro ls .

48
1 s 600 48 48

1

48 48
1 i 1000 48 48 48

1 * 10000 S
s S S

48 72
1 : 25000

S S S

1 : 60000 S
S

S
s

J
S

1 : 100000 S
s

s
s

-
120

1 i 260000 s
s s

1 s 600000 s

In  a l l  th e  an im als  dy ing  a c u te ly ,  m icro sco p ic  ex am in a tio n  o f  
th e  h e a r t  b lood  and p e r i to n e a l  f l u i d  r e v e a le d  abundant 
pneuaoooooi. The su rv iv in g  an im a ls  w ere k i l l e d  a t  i n t e r v a l s  
from  30 t o  90 days l a t e r ,  and b o th  o u l t u r a l  and m icro sco p ic  
exam ination  was made o f  th e  h e a r t  b lood  and perito n eu m .

AHALYSIS OF TABLE I .

C ond ition  
o f  an im a ls .

C r i t i c a 1 ran g e  c f  i n f e c t i i g d o s e s .
1*10000 1 :25000 1 :60000 1*100000 T o ta ls .

S ta in ed

U nsta ined

0 /3

0/1

2 /4

o/i
0 /4

oA

0 /4

1 /1

2 /1 6

1 /4

The denom inator in d io a te s  th e  number o f  an im a ls  re c e iv in g  each 
inoculum , th e  num erator shews th e  number o f  th e s e  whioh d ie d  
a c u te ly  w ith  pneumoooooal se p tio a e m ia .
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A m ouse r e c e i v e d  su b c u ta n e o u s  i n j e c t i o n s  o f  t r y p a n  b l u e ,  
1 : 2 0 0 ,  1 c . c .  p e r  2 0  gm. body w e i g h t ,  on t h e  1 s t . ,  4 t h .  and  
8 t h .  d a y s  o f  t h e  e x p e r im e n t ,  d u r in g  w h ic h  t im e  t h e  w e ig h t  
o f  t h e  a n im a l  rem ain ed  s t a t i o n a r y  a t  a b o u t  1 6 - 5  gm. On t h e  
1 7 t h .  d ay  o f  t h e  e x p e r im e n t  th e  a n im a l r e c e i v e d  an 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  0* 5  c . c .  o f  a 1 : 1 , 0 0 0  d i l u t i o n  o f  
i n f e c t e d  h e a r t  b lo o d ;  d e a t h  o c c u r r e d  w i t h i n  48  h o u r s .

c*

The r e s u l t s  a r e  shown in  TABLE I ;  t h e  a n a l y s i s  b r in g s  

o u t  t h e  s i g n i f i c a n c e  o f  th e  f i g u r e s .  I t  i s  n o te w o r th y  t h a t  in  

t h e  u n s t a i n e d  a n im a ls  t h e  d o s e s  1 :1 0 0 0  and 1 :1 0 0 0 0 0  proved  

l e t h a l ,  w h e r e a s  s u r v i v a l  o c cu rr e d  a f t e r  i n o c u l a t i o n  w i t h  th e  

i n t e r m e d i a t e  d o s e s ,  1 : 1 0 0 0 0 ,  1 : 2 5 0 0 0 ,  1 :5 0 0 0 0 .  T h is

r e s u l t ,  w h ic h  i s  m et w i t h  r e p e a t e d l y  th ro u g h o u t  th e  e x p e r im e n ts ,  

i n d i c a t e s  t h a t  t h e r e  i s  a ran ge  o f  d o sa g e  l y i n g  b e tw een  t h e  

c e r t a i n l y  f a t a l  and t h e  c e r t a i n l y  n o n - f a t a l  w h ich  may or  may 

n o t  p r o v e  l e t h a l  a c c o r d in g  a s  t h e  i n d i v i d u a l  a n im a l i s  more 

or  l e s s  s u s c e p t i b l e .  In t h e  c o u r s e  o f  t h i s  work th e  

en d ea v o u r  h a s  b een  made t o  em ploy t h i s  c r i t i c a l  r a n g e , a s  i t  

may be te r m e d ,  s i n c e  d i f f e r e n c e s  in  b e h a v io u r  o f  a n im a ls  

r e c e i v i n g  s u c h  i n o c u l a t i o n s  m ig h t  b e  e x p e c t e d  t o  a f f o r d  th e  

m ost d e l i c a t e  e v i d e n c e  o f  t h e  i n f l u e n c e  o f  e x p e r im e n ta l  

p r o c e d u r e s  w h ic h  a im  a t  a l t e r i n g  s u s c e p t i b i l i t y .  Thus in  t h e  

p r e s e n t  e x p e r im e n ts  t h e  b e h a v io u r  o f  t h e  s t a in e d  a n im a ls  

s u g g e s t s  t h a t  t h e y  d o  n o t  d i f f e r  s i g n i f i c a n t l y  from th e  

u n s t a in e d  c o n t r o l s  i n  t h e i r  r e s i s t a n c e  t o  t h e  i n f e c t i o n .

Among t h o s e  a n im a ls  w h ic h  r e c e i v e d  s u b l e t h a l  i n o c u l a t i o n s  and 

which f a i l e d  t o  d i e  o f  a c u t e  s e p t ic a e m ia  i t  was s u r p r i s i n g  t o  

f in d  how l o n g  a f t e r  t h e  o r i g i n a l  i n o c u l a t i o n  organ ism s s i m i l a r
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i n  m o rp h o lo g y  and s t a i n i n g  r e a c t i o n s  t o  p n eu m o co cc i c o u ld  

h e  fo u n d  in  sm ears  o f  t h e  h e a r t  b lo o d  and p e r ito n e u m  in  

c e r t a i n  c a s e s ,  a l t h o u g h  a t t e m p t s  t o  grow su c h  o rgan ism s  

f a i l e d .  S i m i l a r  c h r o n ic  i n f e c t i o n s  w ere n o te d  b y  Browning  

and G u lb ra n sen  ( 1 9 2 3 ) 2 .

From t h i s  e x p e r im e n t  i t  was c o n c lu d e d  t h a t  a m od erate  

d e g r e e  o f  v i t a l  s t a i n i n g  had no a p p r e c i a b l e  i n f l u e n c e  on t h e  

r e s i s t a n c e  o f  m ic e  t o  pneum ococcus i n f e c t i o n .  I t  was 

r e a l i s e d  t h a t  i n  t h e s e  a n im a ls  t h e  v i t a l  s t a i n i n g  was n o t  

c a r r i e d  t o  a n y t h in g  a p p r o a c h in g  t h e  maximum d e g r e e  p o s s i b l e  

w i t h  t h e  d y e s  e m p lo y e d ,  b u t  h i s t o l o g i c a l  c o n t r o l s  showed  

t h a t  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  o f  t h e  l i v e r ,  ly m p h a tic  

g l a n d s ,  marrow and s p l e e n  a l l  c o n t a in e d  a c o n s id e r a b le  amount 

o f  d y e ,  w h i l e  t h e  l o c a l  su b c u ta n e o u s  h i s t i o c y t e s  a t  th e  

s i t e  o f  i n j e c t i o n  w ere  v e r y  i n t e n s e l y  s t a i n e d .  M oreover ,  

an i n t e r v a l  o f  s e v e n  d a y s  had e la p s e d  b e tw een  t h e  l a s t  

i n j e c t i o n  o f  d y e  and t h e  i n o c u l a t i o n  o f  t h e  a n im a ls  w i t h  th e  

p n eu m o c o cc i .  N e v e r t h e l e s s ,  t h e  ex p er im en t  s e r v e s  to  

d e m o n s tr a te  t h a t  s im p le  dye s t o r a g e  i s  n o t  e f f e c t i v e  in  

l o w e r in g  o r  r a i s i n g  t h e  imm unity o f  m ice  t o  acu te ,  

p n eu m o co cca l  i n f e c t i o n .
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The e f f e c t  o f  v i t a l  s t a i n i n g  o f  th e  r e t i c u l o - e n d o t h e l i a l  

c e l l s  a t  t h e  s i t e  o f  i n o c u l a t i o n  -  t h e  p e r i t o n e a l  c a v i t y .

Gay and h i s  c o -w o r k e r s  (1 9 2 3 )  h ave  c la im e d  t h a t  th e  

p r e s e n c e  o f  a g r e a t l y  i n c r e a s e d  number o f  m acrophages  a t  

t h e  s i t e  o f  i n o c u l a t i o n ,  e . g .  a s  a r e s u l t  o f  th e  i n j e c t i o n  

o f  b r o t h ,  i n c r e a s e s  t h e  r e s i s t a n c e  o f  r a b b i t s  t o  s t r e p t o 

c o c c a l  empyema. I t  was t h e r e f o r e  d e c id e d  t o  i n v e s t i g a t e  

t h e  i n f l u e n c e  o f  s u c h  a r e a c t i o n  in  r e l a t i o n  t o  p n eu m ococca l  

i n f e c t i o n  i n  m ic e .

In  t h e  p r e v io u s  com m u n ication  ( p . 288 ) I  have d e s c r i b e d  

t h e  c h a r a c t e r s  o f  t h e  c e l l u l a r  r e a c t i o n s  produ ced  by  

i n t r a p e r i t o n e a l  i n j e c t i o n  o f  s t e r i l e  c o n c e n t r a t e d  b r o t h  and 

by d y e s  o f  h i g h l y  c o l l o i d a l  t y p e .  In v iew  o f  t h e  s ta te m e n t  

t h a t  t h e  p r o t e c t i v e  a c t i o n  o f  c la s m a t o c y t e s  i s  i n h i b i t e d  

when t h e  c e l l s  a r e  la d e n  w i t h  dye (G ay , L in to n  and C la r k ,  

1926) t h r e e  s e r i e s  o f  a n im a ls  w ere em p loyed , ( a )  norm al  

c o n t r o l s  and ( b )  m ic e  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  w i t h  

c o n c e n t r a t e d  b r o t h  and ( c )  a n im a ls  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  

w i t h  1 p e r  c e n t ,  s o l u t i o n  o f  d ia m in e  f a s t  s c a r l e t .  I t  had 

p r e v i o u s l y  b e e n  a s c e r t a i n e d  t h a t  d ia m in e  f a s t  s c a r l e t  

p ro d u ces  an  abu ndan t c e l l u l a r  ex u d a te  and t h a t  a f t e r  72 hou rs  

th e  m a j o r i t y  o f  th e  f r e e  m acrophages and t h e  h i s t i o c y t e s  in  

th e  l o c a l  p e r i t o n e a l  t i s s u e s  a r e  h e a v i l y  la d e n  w i t h  dye  

g r a n u l e s .  By th e  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 n c e n tr a te d  

meat i n f u s i o n  b r o t h  a c e l l u l a r  e x u d a te  i s  produced w h ich
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T A B L E  I I .

The a n im a ls  were in je o te d  in t r a p e r i t o n e a l l y  w ith  a  s ta n d a rd  
inoculum  o f  0*5 e . c .  o f  in f e c te d  h e a r t  b lo o d , 18 hou rs  a f t e r  
in j e o t io n  o f  b ro th  and 72 ho u rs  a f t e r  in j e o t io n  o f  dye.
The approx im ate  tim e  o f  d e a th  a f t e r  in o o u la t io n  i s  shown in  
h o u rs ; S -  s u r v iv a l .

D ilu t io n  o f  
In fe o te d  
h e a r t  b lo o d .

TIME OP DEATH a f t e r  in o o u la t io n .

B ro th  in j e c te d . Dye in j e c te d . C o n tro ls

48 96
1 i 1000 48 48

S S S
1 i 10000 S S

S s 48
1 « 25000 S s

1 i 50000 S s S
S s

1 » 100000 s
s s S

1 t 250000 s

In  a l l  an im a ls  dy ing  a c u te ly  m ic ro sco p ic  ex am in a tio n  showed 
numerous pneumooooci in  th e  h e a r t  b lood  and p e r i to n e a l  f l u i d .

ANALYSIS OP TABLE I I .

C ond ition  o f  an im a ls .
C r i t i c a l  ran g e  o f  in f e c t in g  d o se s .

1:1000 1:10000 1:26000 T o ta ls .

B roth  in je c te d 2 /2 0 /2 0 /2 2/6

Dye in je c te d 1A 0 /2 0 /2 1 /6

C o n tro ls 1A 0 /2 1 /1 2/4
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a f t e r  18 h o u r s  i s  e s p e c i a l l y  r i c h  in  you n g  m a c r o p h a g es .  I t  

was hoped  t h a t  b y  com p arin g  t h e  c o u r s e  o f  i n t r a p e r i t o n e a l  

p n eu m o c o cc a l  i n f e c t i o n  i n  p a r a l l e l  s e r i e s  o f  a n im a ls  

i n j e c t e d  w i t h  b r o t h  o r  dye  in f o r m a t io n  w ould be  o b t a in e d  as  

t o  t h e  i n f l u e n c e  o f  t h e  l o c a l  c e l l u l a r  r e a c t i o n  i n  com b atin g  

th e  i n f e c t i o n .  I t  a p p ea red  t h a t  t h e  p r e s e n c e  o f  a r i c h l y  

c e l l u l a r  e x u d a t e  com posed c h i e f l y  o f  m acrophages m igh t  

p r o t e c t  t h e  a n im a ls  a g a i n s t  i n f e c t i o n ;  on t h e  o t h e r  hand,  

m a cro p h a g es  h e a v i l y  la d e n  w i t h  d y e  m ig h t  s u f f e r  some 

i n h i b i t i o n  o f  t h e i r  a c t i v i t i e s  and so  t h e  r e s i s t a n c e  o f  t h e  

a n im a ls  m ig h t  b e  lo w e r e d .  A c c o r d in g ly  two s e r i e s  o f  t e n  

m ice  w ere  p r e p a r e d  b y  i n t r a p e r i t o n e a l  i n j e c t i o n ,  one s e t  

r e c e i v i n g  c o n c e n t r a t e d  b r o t h  and th e  o t h e r  s e t  1 p e r  c e n t ,  

d ia m in e  f a s t  s c a r l e t .  A f t e r  18 h ou rs  and 72 hou rs  

r e s p e c t i v e l y  t h e s e  a n im a ls  t o g e t h e r  w i t h  f i v e  norm al c o n t r o l s  

w ere i n o c u l a t e d  i n t r a p e r i t o n e a l l y  w i t h  v a r y in g  d i l u t i o n s  o f  

h e a r t  b lo o d  o f  a m ouse d ead  o f  p n eu m ococca l s e p t i c a e m ia .

The v i r u l e n c e  o f  t h e  s t r a i n  o f  pn eu m ococc i used  in  t h i s  c a s e  

was s u c h  t h a t  0* 5  c . c .  o f  1 -  1 0 , 0 0 0  d i l u t i o n  o f  h e a r t  b lo o d  

had i n v a r i a b l y  p ro v ed  f a t a l  in  p r e v io u s  p a s s a g e s ,  and 

1 -  1 0 0 ,0 0 0  l e d  o c c a s i o n a l l y  t o  an a c u t e  f a t a l  s e p t i c a e m ia .  

The r e s u l t  o f  t h e  e x p e r im e n t  i s  shown i n  TABLE I I .

A lth o u g h  t h e  v i r u l e n c e  o f  th e  inoculum  i s  lo w er  than  

th e  r e s u l t s  o f  p r e v io u s  p a s s a g e s  had le d  one t o  e x p e c t  i t  i s
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T A B L E  I I I .

The an im a ls  w ere in o o u la te d  i n t r a p e r i t o n e a l l y  w ith  0*5 o .o .  
o f  in f e c te d  h e a r t  b lo o d , 18 h o u rs  a f t e r  i n j e c t i o n  o f  b ro th  
and 72 h o u rs  a f t e r  in j e o t io n  o f  dye r e s p e c t iv e ly .  The tim e 
o f  d e a th  a f t e r  in o c u la t io n  i s  shown in  h o u rs .

D ilu t io n  o f TIME OF DEATH a f t e r  in o o u la t io n .

in fe o te d  
h e a r t  b lo o d . B ro th  i n j e c te d . Dye in j e c te d . C o n tro ls .

28 28 28
1 « 1000 33 33

48 48 28
1 > 10000 48 48

33 32 33
1 i 25000

46 48

28 48 331 i 60000
29 48

1 i 100000 33 33 30

33 48

1 t 250000 44
48 48 24

In  a l l  an im als  dy ing  a c u te ly  m ic ro sco p ic  exam ination  showed 
numerous pneumooooci i n  th e  h e a r t  b lood  and p e r i to n e a l  f l u i d .
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a p p a r e n t  t h a t  no d e c i s i v e  e f f e c t  h a s  b een  prod u ced  b y  th e  

i n j e c t i o n  e i t h e r  o f  b r o t h  o r  d y e .  The a n im a ls  a r e  n e i t h e r  

more n o r  l e s s  s u s c e p t i b l e  t o  th e  i n f e c t i o n ;  i t  i s  c l e a r  

t h a t  t h e  ra n g e  o f  i n f e c t i n g  d o s e s  c o v e r s  t h e  c r i t i c a l  zone  

i n  w h ic h  t h e  i n d i v i d u a l i t y  o f  th e  a n im a ls  p la y s  an im p o r ta n t  

p a r t  i n  d e t e r m in in g  t h e  outcom e.

In v ie w  o f  t h e  f a l l i n g  o f f  i n  v i r u l e n c e  o f  th e  

o r g a n is m s  t h e  e x p e r im e n t  was r e p e a t e d .  The same s t r a i n  o f  

p n eu m o co cc i  was a g a in  o b t a in e d  by p a s s a g e  from t h e  s p l e e n  

o f  a m ouse d ea d  a c u t e l y  o f  t h e  i n f e c t i o n ,  and th e  v i r u l e n c e  

a f t e r  r e p e a t e d  p a s s a g e  was s u c h  t h a t  0*5 c . c  o f  1 -  5 0 ,0 0 0  

o f  h e a r t  b lo o d  was u n i f o r m ly  f a t a l .  Two s e r i e s  o f  12 m ice  

w ere p r e p a r e d  a s  b e f o r e  b y  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 n c e n t r a t e d  b r o t h  and o f  d ia m in e  f a s t  s c a r l e t ;  t h e s e ,  

t o g e t h e r  w i t h  6 c o n t r o l s ,  w ere  in o c u l a t e d  i n t r a p e r i t o n e a l l y  

a f t e r  t h e  same i n t e r v a l s  w i t h  v a r y in g  d i l u t i o n s  o f  h e a r t  b lo o d  

o f  a mouse d ead  o f  p n eu m ococca l s e p t i c a e m i a .  One d y e -  

i n j e c t e d  m ouse d i d  n o t  ap p ea r  to  be  w e l l  and was d i s c a r d e d ,  

l e a v i n g  12 b r o t h - i n j e c t e d ,  11 d y e - i n j e c t e d  and 6 c o n t r o l  m ic e .  

The r e s u l t  o f  t h e  e x p e r im e n t  i s  shown in  TABLE I I I .

On t h i s  o c c a s i o n  t h e  v i r u l e n c e  o f  th e  i n f e c t i n g  

organism  h a s  b e e n  s o  augm en ted , t h a t  b o th  s e r i e s  o f  in o c u la t e d  

a n im a ls  d i e d  a c u t e l y  o f  pn eu m ococca l s e p t i c a e m ia .  The a c t u a l  

d u r a t io n  o f  s u r v i v a l  was n o te d  a s  a c c u r a t e l y  a s  p o s s i b l e  in
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e v e r y  c a s e  and i t  was o b s e r v e d  t h a t  t h e  p e r i o d s ,  w h i l e  

s h o r t ,  b o r e  no r e l a t i o n  t o  t h e  d o s e  o f  p n eu m o co cc i o r  to  

t h e  p r e v i o u s  t r e a t m e n t  o f  th e  a n im a l .  Thus th e  f i r s t  d e a t h  

was th e  c o n t r o l  a n im a l  w i t h  th e  l o w e s t  d o s a g e ,  v i z .  0* 5  c . c .  

o f  1 -  2 5 0 ,0 0 0  a t  2 4  h o u r s ,  f o l l o w e d  b y  s e v e n  a n im a ls  

d i s t r i b u t e d  o v e r  a l l  t h r e e  grou p s b e tw e en  24  and 2 8  h o u r s ,

10 a n im a ls  b e tw e e n  2 8  and 35 h o u rs  and th e  11  r em a in in g  

a n im a ls  b e tw e e n  33  and 4 8  h o u r s .  A lth o u g h  th e  d o s a g e  d o es  

n o t  a c t u a l l y  f a l l  w i t h i n  t h e  c r i t i c a l  r a n g e  in  t h i s  e x p e r im e n t ,  

i t  n e v e r t h e l e s s  seem s to  d e m o n s tr a te  c l e a r l y  t h a t  no s t r i k i n g  

d e g r e e  o f  p r o t e c t i o n  has b e e n  a f f o r d e d  to  any o f  t h e  a n im a ls  

by means o f  t h e  e x p e r im e n t a l  s t i m u l a t i o n  o f  th e  p e r i t o n e a l  

c a v i t y .
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The e f f e c t  on r e s i s t a n c e  o f  b lo c k a d e  o f  t h e  l n t r a v a s c u l a r  

e le m e n t s  o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  a l o n e  or  

com bined  w i t h  s p le n e c t o m y  o r  n ep h rectom y  o r  o t h e r  p r o c e d u r e s .

A f u r t h e r  s e r i e s  o f  e x p e r im e n ts  was u n d e r ta k e n  to  

d e t e r m in e  t h e  i n f l u e n c e  on i n f e c t i o n  o f  t h e  s o - c a l l e d  

" b lo ck a d e"  o f  t h e  r e t i c u l o - e n d o t h e l i a l  sy s te m  a lo n e  or  when 

com bined w i t h  s p le n e c t o m y  or  o t h e r  o p e r a t i v e  m ea su re .  In 

t h e  l i t e r a t u r e  o f  t h i s  s u b j e c t ,  i t  i s  g e n e r a l l y  s t a t e d  t h a t  

" b lo ck a d e"  b y  t h e  in t r a v e n o u s  i n j e c t i o n  o f  d y e s  or  s u s p e n s o id  

p r e p a r a t i o n s  a lo n e  h a s  l i t t l e  or  no d e p r e s s i n g  e f f e c t ,  e i t h e r  

on t h e  r e s i s t a n c e  o f  a n im a ls  t o  i n f e c t i o n  (W right 1 9 2 7 ) ,  or  

on t h e i r  c a p a c i t y  t o  p rod u ce  t h e  more r e a d i l y  d e m o n str a b le  

a n t i b o d i e s  s u c h  a s  a g g l u t i n i n s  o r  p r e c i p i t i n s  ( B i e l i n g  1 9 2 3 -2 4 ;  

S te w a r t  and P a rk er  1926; Ross 1 9 2 6 ) .  Mere rem ova l o f  th e  

s p l e e n ,  w h ic h  i s  r eg a r d e d  a s  a h i g h l y  d e v e lo p e d  p a r t  o f  th e  

r e t i c u l o - e n d o t h e l i a l  s y s te m  i n  mammals, i s  s a i d  t o  produce  

a s l i g h t  d e p r e s s i o n  o f  t h e s e  p r o c e s s e s  ( P f e i f f e r  and Marx 1 898;  

S t a n d e n a th  1 9 2 3 ) .  I t  h a s  f r e q u e n t l y  b een  s t a t e d , h o w ev er ,  

t h a t  t h e  c o m b in a t io n  o f  s p le n e c t o m y  w i t h  in tr a v e n o u s  

i n j e c t i o n  o f  d y e s  o r  s a c c h a r a t e d  o x id e  o f  ir o n  has a d e p r e s s i n g  

e f f e c t  on t h e  c a p a c i t y  o f  th e  t r e a t e d  a n im a ls  t o  produce  

a n t i b o d i e s  (S iegraun d, 1 9 2 2 :  B i e l i n g  and I sa a c  1921 19221 >2 >3 :

Gay and C la r k ,  1 9 2 4 ) ,  and t h e s e  p r o c e d u r e s  a r e  a l s o  s a i d  to  

d im in i s h  t h e  r e s i s t a n c e  o f  t h e  t r e a t e d  a n im a ls  t o  I n f e c t i o n
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( N e u f e l d  and M eyer, 1 9 2 4 ;  S in g e r  and A d le r ,  1 9 2 4 ) . 1 ,2  

I t  m ust be  p o i n t e d  o u t ,  h o w ev er ,  t h a t  su c h  c o n c l u s i o n s  have  

f r e q u e n t l y  b e e n  fou n d ed  on s c a n t y  d a t a ,  e . g .  th e  number o f  

a n im a ls  u se d  h a s  n o t  a lw a y s  b een  la r g e  enough t o  a l l o w  f o r  

t h e  v a r i a t i o n s  due t o  t h e  i n d i v i d u a l i t y  o f  d i f f e r e n t  a n im a ls .  

F u r t h e r ,  i n  t h e  m a j o r i t y  o f  th e  r e c o r d e d  e x p e r im e n ts  th e  

e f f e c t  o f  o p e r a t i v e  p r o c e d u r e s  o t h e r  th a n  s p le n e c t o m y ,  o r  o f  

th e  in t r a v e n o u s  i n j e c t i o n  o f  s u b s t a n c e s  n o t  s t o r e d  in  th e  

r e t i c u l o - e n d o t h e l i a l  s y s t e m  d o e s  n o t  ap p ea r  t o  have b een  

i n v e s t i g a t e d .  R e s u l t s  o f  a d i r e c t l y  o p p o s i t e  n a tu r e  have  

a l s o  b e e n  r e c o r d e d .  S ta n d e n a th  ( 1 9 2 5 )  s t a t e d  t h a t  b lo c k a d e  

a lo n e  e x e r c i s e d  a s t i m u l a t i n g  e f f e c t  on p r e c i p i t i n  fo r m a t io n  

and when com bined w i t h  s p le n e c to m y  m ig h t  a b o l i s h  th e  d e p r e s s 

in g  e f f e c t  o f  th e  l a t t e r  p r o c e d u r e .  Fr&nkel and Grunenberg  

( 1 9 2 4 )  and R o s e n t h a l ,  Moses and P e t z a l  (1 9 2 4 )  a l s o  f a i l e d  to  

d e t e c t  an y  d im in u t io n  o f  a n t ib o d y  fo r m a t io n  in  s p le n e c t o m is e d  

and b lo c k a d e d  a n im a ls  and th e  l a t t e r  s t a t e  i n  a d d i t i o n  t h a t  

t h e s e  p r o c e d u r e s  may a c t u a l l y  i n c r e a s e  t h e  o u tp u t  o f  immune 

a n t i b o d i e s  s u c h  a s  a g g l u t i n i n s  and p r e c i p i t i n s .

In v ie w  o f  t h e  c o n f l i c t i n g  r e s u l t s  r e p o r t e d ,  i t  was 

c o n s id e r e d  o f  i n t e r e s t  t o  s tu d y  t h e  e f f e c t  o f  su c h  p r o c ed u r es  

on th e  r e s i s t a n c e  o f  m ice  t o  pneumococcus i n f e c t i o n .  I t  i s  

o f  c o u r s e  e s s e n t i a l  t o  c o n t r o l  a d e q u a te ly  th e  e x p e r im e n ta l  

methods d e s i g n e d  t o  a f f e c t  th e  r e t i c u l o - e n d o t h e l i a l  sy stem  

by c a r r y in g  o u t o t h e r s  w h ich  m ig h t  be e x p e c t e d  t o  e x e r c i s e
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a s i m i l a r  g e n e r a l  e f f e c t  a l t h o u g h  l a c k i n g  s e l e c t i v e  a c t i o n  

on t h o s e  c e l l s .  A c c o r d in g ly  p a r a l l e l  s e r i e s  o f  a n im a ls  

w ere  p r e p a r e d ,  th e  g e n e r a l  p la n  o f  th e  e x p e r im e n ts  was a s  

f o l l o w s .  The o p e r a t i o n  was perform ed  on m ice  u n d er  e t h e r  

a n a e s t h e s i a  w i t h  t h e  u s u a l  a s e p t i c  p r e c a u t io n s  and abou t  

3 0  h o u r s  l a t e r  t h e  a n im a ls  w ere  in o c u l a t e d  w i t h  v a r y in g  d o s e s  

o f  p o o le d  h e a r t  b lo o d  o f  m ice  d ead  o f  p n eu m ococca l s e p t i c a e m i a ,  

th e  in o cu lu m  b e in g  d e r i v e d  from  3 m ice  in  o r d e r  t o  com pensate  

a s  f a r  a s  p o s s i b l e  f o r  th e  v a r i a t i o n s  i n  v i r u l e n c e  due t o  th e  

i n f l u e n c e  o f  t h e  h o s t .  In one s e r i e s  o f  a n im a ls  s p le n e c to m y  

was p e r fo r m e d ,  i n  o t h e r s  u n i l a t e r a l  n ep h rectom y was c h o sen  

a s  a s u i t a b l e  c o n t r o l  o p e r a t io n  o f  com parable  s e v e r i t y .

These o p e r a t e d  a n im a ls  t o g e t h e r  w i t h  a s i m i l a r  number o f  

n orm al m ice  w ere  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  a s u i t a b l e  d o se  

o f  10 p e r  c e n t ,  s o l u t i o n  o f  s a c c h a r a te d  o x id e  o f  i r o n  6 - 8  

h o u rs  b e f o r e  i n o c u l a t i o n .  The same number o f  s p le n e c t o m is e d  

and n e p h r e c t o m is e d  m ice  w ere a l s o  i n j e c t e d  w i t h  10 p er  c e n t ,  

s o l u t i o n  o f  s a c c h a r o s e  a s  an exam ple o f  a r e l a t i v e l y  

n o n - t o x i c  s u b s t a n c e  n o t  s t o r e d  in  t h e  c e l l s  o f  th e  r e t i c u l o 

e n d o t h e l i a l  s y s t e m .  A c c o r d in g ly  th e  i n f l u e n c e  o f  the  

f o l l o w i n g  c o n d i t i o n s  on r e s i s t a n c e  t o  i n f e c t i o n  was s t u d i e d ;  -  

rem oval o f  s p l e e n  a l o n e :  rem oval o f  k id n e y  a lo n e :  rem oval

o f  s p l e e n  -f i n j e c t i o n  o f  s a c c h a r a t e d  o x id e  o f  i r o n :  rem oval

o f  k id n e y  +  i n j e c t i o n  o f  s a c c h a r a te d  o x id e  o f  i r o n :  rem oval

o f  k id n e y  +  i n j e c t i o n  o f  s u g a r :  i n j e c t i o n  o f  sa c c h a r a te d

ox id e  o f  i r o n :  i n j e c t i o n  o f  s a c c h a r o s e :  i n j e c t i o n  o f  g l u c o s e .
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O p e ra tio n  was perform ed a b o u t 30 h o u rs  b e fo re  in o o u la tio n ;
0*3 c . o .  o f  10 p e r  c e n t  s o lu t io n  o f  sa o c h a ra te d  o x id e  o f  iro n  
p e r  20 gm. w eig h t was in je c te d  in tra v e n o u s ly  6 - 8  hou rs  
b e fo re  in t r a p e r i t o n e a l  in o o u la t io n  w ith  in f e o te d  h e a r t  b lo o d . 
The tim e o f  d e a th  i s  g iv en  i n  h o u rs ; S = s u r v iv a l .

TIME OP DEATH a f t e r in o c u la t io n .
D i lu t io n  o r  
in fe o te d  
h e a r t  b lo o d .

Splenectom y 
-f- Saooh. ox. 

o f  i r o n .

Hephreotomy 
+  saooh. ox. 

o f  i r o n .

Saooh. ox. 
o f  i r o n . C o n tro ls .

1 s 100 12 17
12
12 18

1 t 600 17 23 36
18
36

1 i 1000
23
36

20
17

14
14

86
s

1 i 6000
20
36

23
42

12
18

192 ( ! )  
S

1 i 10000 23 , s 

36
1* ( »  

72
12
12

65
S

1 : 26000 72
84

18
S

18
20

S
S

1 t 60000 36
20

36 S

A n a ly s is ; 
r a t i o  o f  
d e a th s  to  
ln o o u la te d .

12/12 11/12 12/12 5/12

In  a l l  an im als dy ing  a o u te ly  m icro sco p ic  ex am in a tio n  showed 
numerous pneumoeooei in  th e  h e a r t  b lood  and p e r i to n e a l  f l u i d ,  
and an abundant grow th o f  pneumooooci was o b ta in e d  on c u l tu re  
o f  th e  h e a r t  b lo o d .

(1 )  The peritoneum  c o n ta in e d  much few er organism s th a n  u s u a l ,
b u t th e r e  was a  b i l a t e r a l  f ib r in o u s  p le u r i s y  and 
p e r i c a r d i t i s .

(2 )  T h is an im al was d i s t i n c t l y  ja u n d ic e d .
(3 ) Death was due to  haem orrhage in to  th e  p erito n eu m , p robab ly

p o s t- o p e r a t iv e .
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In t h e s e  e x p e r im e n t s  a l l  th e  m ice  w ere from  th e  same s t o c k ,  

and a s  f a r  a s  p o s s i b l e  a n im a ls  o f  th e  same a g e ,  3 i z e  and 

w e i g h t  w e re  u s e d ,  t h e  m a j o r i t y  b e i n g  ab ou t 3 m onths o l d  and 

w e i g h i n g  a b o u t  2 0  gm.

A tte m p ts  w ere  made t o  a s s e s s  th e  v i r u l e n c e  o f  th e  

o r g a n ism s  b e f o r e  i n f e c t i n g  t h e  m ain s e r i e s  o f  a n i m a l s ,  b u t  

i t  w as fo u n d  t h a t  th e  l e t h a l  d o se  in  an y  one p a s s a g e  b o r e  no  

c o n s t a n t  r e l a t i o n  t o  t h a t  o f  t h e  s u c c e e d in g  p a s s a g e .  F u r th e r  

th e  l e n g t h  o f  s u r v i v a l  in  a n im a ls  d y in g  a c u t e l y  appeared  

w i t h i n  a w id e  ran ge  o f  d o s e s  t o  depend more on i n d i v i d u a l  

v a r i a t i o n s  th a n  on th e  a c t u a l  number o f  o rgan ism s in t r o d u c e d ,  

f o r  exam ple  i n  one p a s s a g e  an a n im a l r e c e i v i n g  0*5 c . c .  o f  

1 :1 0 0 0 0  d i e d  i n  40  h o u rs  w h erea s  t h a t  r e c e i v i n g  0* 5  c . c . o f  

1 :1 0 0  o f  t h e  same h e a r t  b lo o d  s u r v iv e d  f o r  120 h o u r s .

SERIES I . E le v e n  s p le n e c t o m is e d  and e l e v e n  n e p h re c to m ise d

m ice  t o g e t h e r  w i t h  tw e lv e  norm al m ice  w ere  i n j e c t e d  

i n t r a v e n o u s l y  2 4  h o u rs  a f t e r  o p e r a t io n  w i t h  10 p er  c e n t ,  

s o l u t i o n  o f  s a c c h a r a t e d  o x id e  o f  i r o n ,  th e  d o se  b e in g  0*3 c . c .  

p er  2 0  gm. body w e i g h t ;  6 - 8  h ou rs  l a t e r  t h e s e  a n im a ls  

t o g e t h e r  w i t h  12 u n t r e a t e d  c o n t r o l s  w ere  i n o c u l a t e d  w i t h  

v a r y in g  d o s e s  o f  p o o le d  h e a r t  b lo o d  from th r e e  m ice  r e c e n t l y  

dead o f  p n eu m o co cca l  s e p t i c a e m i a .  The r e s u l t  i s  shown 

in  TABLE IV.
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In  a d d i t i o n  two m ic e  w h ic h  had s u r v iv e d  I n o c u l a t i o n  

t h r e e  m onths p r e v i o u s l y  and t h r e e  m ice  s p l e n e c t o m is e d  th r e e  

m on th s  b e f o r e  e a c h  r e c e i v e d  an in t r a v e n o u s  i n j e c t i o n  o f  

s a c c h a r a t e d  o x id e  o f  i r o n  i n  th e  u s u a l  d o s e .  These a n im a ls  

t o g e t h e r  w i t h  t h r e e  w h ich  h a s  s u r v iv e d  i n o c u l a t i o n  d u r in g  

e a r l i e r  p a s s a g e s  w i t h i n  t h e  p r e v io u s  week w ere  in o c u l a t e d  

w i t h  th e  same ran ge  o f  d i l u t i o n s  o f  t h e  same i n f e c t e d  h e a r t  

b lo o d  a s  t h e  m ain  s e r i e s .  A ll  o f  t h e s e  a n im a ls  succumbed  

w i t h i n  9 6  h o u r s  t o  a c u t e  s e p t i c a e m i a .

T h is  e x p e r im e n t  a p p ea r s  t o  show t h a t  th e  p r e l im in a r y  

t r e a t m e n t  h a s  k n ock ed  o u t  th e  r e s i s t a n c e  o f  th e  m ice  t o  th e  

i n f e c t i o n ,  f o r  o n ly  one o f  th e  t r e a t e d  a n im a ls  s u r v i v e d ,  

w h e r ea s  5 o u t  o f  12 o f  th e  normal, c o n t r o l s  s u r v i v e d .  S in c e  

th e  f a c t o r  common t o  a l l  t h r e e  grou p s o f  t r e a t e d  a n im a ls  was  

th e  i n j e c t i o n  o f  s a c c h a r a t e d  o x id e  o f  i r o n ,  th e  ex p e r im en t  

was r e p e a t e d  s e p a r a t i n g  th e  f a c t o r s  o f  b lo c k a d e  and o p e r a t i o n .

SERIES I I . In  th e  seco n d  e x p e r im en t  perform ed 14 d a y s

l a t e r  f i v e  g ro u p s  e a c h  o f  10 m ice  w ere  t r e a t e d  a s  f o l l o w s  

un der  t h e  same c o n d i t i o n s  a s  b e f o r e :  in t r a v e n o u s  i n j e c t i o n

o f  s a c c h a r a t e d  o x id e  o f  i r o n :  in t r a v e n o u s  i n j e c t i o n  o f

s a c c h a r o s e :  n ep h rec to m y : neph rectom y p lu s  in tr a v e n o u s

i n j e c t i o n  o f  s a c c h a r a t e d  o x id e  o f  i r o n :  nephrectom y p lu s

in t r a v e n o u s  i n j e c t i o n  o f  s a c c h a r o s e .  In a d d i t i o n  two



To f a c e  page 356 
T A B L E  V.

As b e fo re  th e  an im a ls  w ere in o o u la te d  i n t r a p e r i t o n e a l l y  30 ho u rs  
a f t e r  o p e ra t io n :  10 p e r o e n t s o lu t io n  o f  sacch a ro se  and
10 p e r c e n t  s a c c h a ra te d  ox ide  o f  i r o n  w ere a d m in is te re d  i n t r a 
v en o u s ly  6 - 8  h o u rs  b e fo re  in o o u la t io n ,  th e  do ses  b e in g  0*3 o .c .  
p e r  20 gm. w e ig h t. S = s u r v iv a l .

TIME OP DEATH in  h o u rs  a f t e r in o o u la t io n .

D ilu t io n  o f  
in fe o te d  
h e a r t  b lo o d .

T>V-p * •r—i «0

e

r-p

•a_L_ O
•rl

S  • 
S  5

•V

&® o a +> o

e
a0•a u

®  T-< •
®a0

O O V
® ®  « U H

2  A
H W
n  ® 0 •aO

53Ho u
■SS Jl

U X
a  o OO

V  w«  o &
V  »35 « S3 M IB Rco 0 •BCO

1 t 600 j 36 
40

27
36

36
36

36
36

23
25

1 * 1000
36

26
36

18
24

48
60

26
48

23
40

1 i 5000 25
84 (J) (2)

36
42

36
40

42
S

25
25

26
36

1 j 10000
26

36
36

22
36

23
36

18
36 l £

1 * 25000 20
36

36
42

24
40

23
36

23
44

36
36

1 t 50000 36
48
s

36
36

26
42

36
S

25
s

A n a ly s is : 
r a t i o  o f  
d e a th s  to  
t o t a l
in o o u la te d .

7/7 1 1 /1 2 12/12 l l / l Z 11/12 11/12

(1 )  s  N ephreotom ised and b lockaded  an im al from  s e r i e s  I .

The two norm al o o n tro ls  in o o u la te d  r e s p e c t iv e ly  w ith  1 : 10000 and 
1 : 25000 d ie d  in  42 and 25 h o u rs .

(2 )  I n  th e s e  an im als th e  p e r i to n e a l  o a v i ty  was a lm o s t f r e e  from  
exudate  b u t th e re  was a  b i l a t e r a l  f ib r in o u s  p le u r i s y  and 
p e r i c a r d i t i s .
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n orm al c o n t r o l s  and t h e  s i x  s u r v i v i n g  c o n t r o l s  from  t h e  

f i r s t  s e r i e s  w ere  r e i n o c u l a t e d ,  t h e  l a t t e r  r e c e i v i n g  t h e  

same d i l u t i o n s  a s  b e f o r e .  The t r e a t e d  mouse s u r v i v i n g  

from  t h e  f i r s t  s e r i e s  was a l s o  r e i n o c u l a t e d .  The r e s u l t

i s  shown i n  TABLE V.

The v i r u l e n c e  o f  t h e  i n f e c t i n g  o rg a n ism s  h a s  in c r e a s e d  

i n  t h i s  e x p e r im e n t ,  b u t  i t  i s  c l e a r  t h a t  none o f  t h e  m ethods  

o f  p r e l i m i n a r y  t r e a t m e n t  has  had a d e c i s i v e  e f f e c t  on th e

r e s i s t a n c e  o f  t h e  a n im a l s .  I t  i s  n o te w o r th y  t h a t  th e

d u r a t i o n  o f  s u r v i v a l  a f t e r  i n o c u l a t i o n  b o r e  no r e l a t i o n  t o  

t h e  s i z e  o f  t h e  i n f e c t i n g  d o s e s ,  f o r  t h e  e a r l i e s t  d e a th s  

o c c u r r e d  w i t h  1 :1 0 0 0 0  ( 1 8 ,  2 2 ,  and 23 h o u r s )  w h i l e  a n im als

r e c e i v i n g  1 : 5 0 0  l i v e d  f o r  3 6  -  40  h o u r s .

SERIES I I I . W ith  a v iew  t o  b r i n g i n g  i n t o  g r e a t e r

p ro m in en ce  t h e  i n f l u e n c e  o f  o p e r a t io n  and o f  b lo c k a d e ,  th e  

e x p e r im e n t  was r e p e a t e d  4 d a y s  l a t e r  w i t h  5 d o s e s  o f  

i n f e c t e d  h e a r t  b lo o d  r a n g in g  from 1 :1 0 0 0  t o  1 :3 0 0 0 0 0 .

Groups e a c h  o f  t e n  m ic e  w ere  su b m itte d  to  th e  f o l l o w i n g

t r e a t m e n t  and c o n s t i t u t e d  t h e  t h i r d  s e r i e s :  neph rectom y:

s p le n e c to m y *  i n j e c t i o n  o f  s a c c h a r a te d  o x id e  o f  i r o n :  

i n j e c t i o n  o f  g l u c o s e :  u n t r e a t e d  -  norm al c o n t r o l s .  On

t h i s  o c c a s i o n  t h e  a n im a ls  w ere  in o c u l a t e d  ab ou t 24  hours  

a f t e r  o p e r a t i o n  and 4 -  6 hou rs a f t e r  in t r a v e n o u s  i n j e c t i o n .  

The r e s u l t  i»s shown in  TABLE VI.
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The an im a ls  w ere in o o u la te d  in t r a p e r i t o n e a l l y  ab o u t 24 hou rs  a f t e r  
o p e ra t io n .  S ac c h a ra te d  oxide o f  i ro n  and g lu co se  in  10 per c e n t 
s o lu t io n  were a d m in is te re d  in  th e  same d o ses  a s  p re v io u s ly  abou t 
4 - 6  ho u rs  b e fo re  in o c u la t io n .  S Z  s u r v iv a l .

D ilu t io n  o f  
in fe c te d  
h e a r t  b lo o d .

TIME OP DEATH in  h o u rs  a f t e r in o c u la t io n .

Splenectom y. Nephreotomy.

Saoch. 
ox ide  
o f  i r o n . O luoose.

Normal
c o n tro ls

1 t 1000 42 28 28 30 64
42 28 52 31 68

1 t 10000 46 29 23 18 <2 > 33
S 29 62 30 30

1 : 50000 29 32 32 32 31
42 42 S 52 42

1 : 150000 S 33 42 32 30
S 42 S 42 S

1 : :  300000 s 42 48 62 S
-  (1 ) S 78 64 S

A n a ly s is : 
r a t i o  o f  
d e a th s  to 6/9 9 / 1 0 8 /1 0 10 /1 0 7 / 1 0  j
t o t a l
in o o u la te d . |

( l )  One sp len ee to m ised  mouse was n o t  in o c u la te d  owing t o  p o s t 
o p e ra tiv e  haem orrhage.

(2 ) P u rp u ric  s p o ts  on pears.

In  a l l  an im a ls  dy ing  a c u te ly  f i lm s  from  th e  h e a r t  b lood  and peritoneum  
and o u l tu r e s  from th e  h e a r t  b lood  showed th e  p resenoe  o f  abundant 
pnoumococci.



A g a in ,  no e v id e n c e  o f  o r d e r l y  p r o g r e s s i o n  o f  th e  

i n f e c t i o n  i s  s e e n  w i t h i n  t h e  i n d i v i d u a l  g r o u p s ,  and i t  i s  

e v i d e n t  t h a t  non e  o f  th e  p r e l im in a r y  p r o c e d u r e s  h a s  produ ced  

an y  d e c i s i v e  e f f e c t  on r e s i s t a n c e .  Indeed  so  f a r  a s  t h e  

a c t u a l  r e s u l t s  g o ,  s p le n e c t o m y  w ould  ap p ea r  to  i n c r e a s e  

r e s i s t a n c e ,  and in t r a v e n o u s  i n j e c t i o n  o f  g l u c o s e  t o  d im in i s h  

i t ,  w h ic h  i s  a b s u r d .  The v i r u l e n c e  o f  t h e  i n f e c t i n g  

o r g a n ism  i s  v e r y  h i g h ,  f o r  th e  h e a r t  b lo o d  u sed  t o  p rep a re  

t h e  d i l u t i o n s  c o n t a in e d  o n ly  a s m a l l  number o f  c o c c i  a s  shown 

in  f i l m s  and c u l t u r e .  N e v e r t h e l e s s ,  a l t h o u g h  0*5  c . c .  o f  

1 -  3 0 0 , 0 0 0  o f  t h e  i n f e c t e d  h e a r t  b lo o d  was f a t a l  in  50  p er  

c e n t ,  o f  t h e  m i c e ,  o t h e r s  s u r v iv e d  1 -  1 0 ,0 0 0 .  T h is  f a c t  

i n d i c a t e s  t h a t  th e  d o s e s  em ployed w ere w i t h i n  th e  c r i t i c a l  

r a n g e  i n  w h ic h  t h e  i n d i v i d u a l i t y  o f  t h e  a n im a l was th e  

d e c i s i v e  f a c t o r  in  d e t e r m in in g  w h e th e r  or  n o t  a f a t a l  

s e p t i c a e m i a  w ou ld  r e s u l t ,  and su ch  c o n d i t i o n s  o f f e r e d  a 

f a v o u r a b le  o p p o r t u n i t y  to  s tu d y  th e  i n f l u e n c e  on r e s i s t a n c e  

prod u ced  by, o p e r a t i o n  or  by in t r a v e n o u s  i n j e c t i o n  o f  f o r e i g n  

m a t e r i a l .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  s u r v i v a l  a f t e r  th e  m in u te  

d o s e s  o f  i n f e c t e d  h e a r t  b lo o d  le d  t o  no a p p r e c ia b le  immunity  

to  s u b s e q u e n t  r e i n o c u l a t i o n .  The u n tr e a t e d  s u r v i v i n g  

a n im a ls ,  t o g e t h e r  w i t h  s e v e r a l  o t h e r s  w h ich  had r e c e iv e d  

s u b l e t h a l  d o s e s  d u r in g  p a s s a g e  w ere r e i n o c u l a t e d  in



s u b s e q u e n t  e x p e r im e n t s ,  u s u a l l y  w ith , t h e  same d i l u t i o n  o f  

h e a r t  b lo o d  a s  t h e y  had p r e v i o u s l y  s u r v i v e d .  In e v e r y  

c a s e  a  f a t a l  s e p t i c a e m i a  e n s u e d .  T here i s  no e v id e n c e  t h a t  

t h e s e  m ic e  w e re  h y p e r s e n s i t i v e ,  a s  t h e  g e n e r a l  l e v e l  o f  

v i r u l e n c e  had a l s o  i n c r e a s e d .  The o n ly  p o s s i b l e  e x c e p t i o n  

t o  t h i s  was a mouse w h ich  s u r v iv e d  su b c u ta n e o u s  I n o c u l a t i o n  

w i t h  0 *5  c . c .  o f  i n f e c t e d  h e a r t  b lo o d  d u r in g  p a s s a g e .  T h is  

a n im a l  was r e i n o c u l a t e d  i n t r a p e r i t o n e a l l y  7 d a y s  l a t e r  a lo n g  

w i t h  t h e  f i r s t  s e r i e s ,  r e c e i v i n g  0* 5  c . c .  o f  1 :5 0 0  w i t h o u t  

i l l  e f f e c t .  14 d a y s  l a t e r  t h i s  a n im a l was 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  s a c c h a r a t e d  o x id e  o f  i r o n  in  t h e  u s u a l  

d o s e ,  and was r e i n o c u l a t e d  a lo n g  w i t h  t h e  seco n d  s e r i e s ,  

a g a in  r e c e i v i n g  0 * 5  c . c .  o f  1 :5 0 0  i n t r a p e r i t o n e a l l y .  D eath  

o c c u r r e d  in  2 5  h o u rs  from p n eu m o co cca l  s e p t i c a e m i a .
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The c a p a c i t y  f o r  v i t a l  s t a i n i n g  In m oribund a n i m a l s .

In th e '  p r e s e n t  e x p e r im e n ts  a few o b s e r v a t i o n s  on th e  

s t o r a g e  c a p a c i t y  o f  t h e  r e t i c u l o - e n d o t h e l i a l  sy s te m  w ere  

made on c o n t r o l  m ic e  d y in g  o f  p n eu m ococca l i n f e c t i o n .

T hree  s u c h  a n im a ls  when moribund w ere  i n j e c t e d  i n t r a v e n o u s l y  

w i t h  t h e  u s u a l  d o s e  o f  s a c c h a r a t e d  o x id e  o f  i r o n  a t  p e r io d s  

w h ic h  p ro v ed  t o  be  from 2  t o  6 h ou rs  b e f o r e  d e a t h .  The 

t i s s u e s  o f  t h e s e  m ice  w ere  exam ined m i c r o s c o p i c a l l y  t o g e t h e r  

w i t h  t h o s e  o f  n o n - i n f e c t e d  a n im a ls  k i l l e d  a t  c o r r e sp o n d in g  

i n t e r v a l s  a f t e r  s i m i l a r  i n j e c t i o n s  o f  i r o n .  In ea ch  c a s e  

no n o t e w o r th y  v a r i a t i o n  in  t h e  d i s t r i b u t i o n  o f  ir o n  o r  in  

t h e  d e g r e e  o f  i n t r a c e l l u l a r  s t o r a g e  was o b s e r v e d .

A c c o r d in g ly  i t  m ust be  c o n c lu d e d  t h a t  t h e  r e t i c u l o - e n d o t h e l i a l  

c e l l s  i n  m ic e  d y i n g  o f  p n eu m ococca l s e p t ic a e m ia  show no  

s i g n i f i c a n t  l a c k  o f  c a p a c i t y  t o  d e a l  w i t h  p a r t i c u l a t e  m a t te r  

in t r o d u c e d  i n t o  t h e  c i r c u l a t i o n .
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D I S C U S S I O N .

Many a t t e m p t s  h ave  b e e n  made t o  e s t i m a t e  t h e  p a r t  

p la y e d  b y  t h e  r e t i c u l o - e n d o t h e l i a l  s y s t e m  in  a n t ib o d y  

f o r m a t io n  b y  i n t e r f e r i n g  w i t h  th e  c e l l s  o f  th e  s y s t e m ,  

s p le n e c t o m y  and t h e  s o - c a l l e d  b lo c k a d e  b e in g  t h e  m ethods  

s e l e c t e d .  In t h e  group o f  p r o t o z o a l  i n f e c t i o n s  numerous 

s t u d i e s  h a v e  b een  made on t h e  e f f e c t  o f  t h e r a p e u t i c  a g e n t s  

i n  i n f e c t e d  a n im a ls  s u b j e c t e d  t o  s p le n e c to m y  and b lo c k a d e .  

J u n g e b lu t  ( 1 9 2 7 )  and K r i t s c h e w s k i  ( 1 9 2 7 )  su m m aris in g  t h e i r  

e x p e r i e n c e s  w i t h  v a r io u s  c h e m o th e r a p e u t ic  s u b s t a n c e s  s t a t e  

t h a t  th e  m a j o r i t y ,  e . g .  t h e  s a l v a r s a n  g ro u p , Bayer 2 0 5 ,  e t c .  

a c t  much l e s s  p o w e r f u l l y  i n  a n im a ls  p r e v i o u s l y  t r e a t e d  in  

t h i s  w a y , and t h e y  c o n c lu d e  t h e r e f o r e  t h a t  t h e  r e t i c u l o 

e n d o t h e l i a l  s y s te m  p la y s  an e s s e n t i a l  p a r t  in  a c t i v a t i n g  su c h  

s u b s t a n c e s  i n  t h e  b od y . C o m p a r a t iv e ly  few  e x p e r im e n ts  have  

b e e n  r e c o r d e d ,  h o w e v e r ,  i n  w h ich  t h e  i n f l u e n c e  o f  t h e s e  

p r o c e d u r e s  on r e s i s t a n c e  t o  a c u t e  b a c t e r i a l  i n f e c t i o n s  has  

b een  i n v e s t i g a t e d ,  a l t h o u g h  Bardach (1 8 8 9 )  had o b serv ed  

t h a t  t h e  n a t u r a l  r e s i s t a n c e  o f  d ogs t o  a n th r a x  was a b o l i s h e d  

by s p le n e c t o m y .  He showed f u r t h e r  t h a t  th e  r e s i s t a n c e  o f  

norm al d o g s  c o u ld  b e  d e s t r o y e d  by in t r a v e n o u s  i n j e c t i o n  o f  

a l a r g e  amount o f  a s u s p e n s io n  o f  c h a r c o a l  powder; in  t h e s e  

a n im a ls  t h e  p h a g o c y t e s  o f  t h e  o rgan s  w ere lo a d ed  w i t h  carbon  

p a r t i c l e s  w h i l e  t h e  organ ism s w ere e x t r a c e l l u l a r .  Bardach
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t h e r e f o r e  c o n c lu d e d  t h a t  t h e  r e s i s t a n c e  o f  d o g s  t o  a n th r a x  

d ep en d ed  on t h e  c a p a c i t y  o f  th e  p h a g o c y t e s  t o  i n g e s t  and 

d e s t r o y  th e  a n th r a x  b a c i l l i .

N e u fe ld  and Meyer ( 1 9 2 4 )  found t h a t  s p le n e c t o m is e d  m ice  

w h ic h  had r e c e i v e d  s a c c h a r a t e d  o x id e  o f  ir o n  i n t r a v e n o u s l y  

f a i l e d  t o  b e  p r o t e c t e d  a g a i n s t  p n eu m o co cca l  i n f e c t i o n  by  

p r e l i m i n a r y  v a c c i n a t i o n  w i t h  k i l l e d  c u l t u r e s  o f  p n eu m o co cc i .  

W h ile  t h e  number o f  a n im a ls  em ployed i n  ea ch  group was v e r y  

s m a l l  t h e  r e s u l t s  o f  t h e  e x p e r im e n ts  ap p ea r  d e f i n i t e ,  and 

t h e  a u t h o r s  c o n c lu d e d  t h a t  t h e  r e t i c u l o - e n d o t h e l i a l  sy s tem  

was o f  e s p e c i a l  im p o rta n ce  i n  t h e  e s t a b l i s h m e n t  o f  im m unity .  

N e u f e ld  and Meyer r e c o r d e d  t h a t  w h erea s  t h e  serum o f  m ice  

imm unised a g a i n s t  p n eu m ococc i f a i l e d  t o  p r o t e c t  norm al m ice  

a g a i n s t  i n f e c t i o n ,  t h i s  p r o p e r t y  was c o n f e r r e d  on t h e  serum  

o f  imm unised a n im a ls  by i n j e c t i o n  o f  m anganese c h l o r i d e .

They a t t r i b u t e d  t h i s  t o  a s e c r e t o r y  a c t i o n  on t h e  p a r t  o f  th e  

r e t i c u l o - e n d o t h e l i a l  c e l l s  f o l l o w i n g  s t i m u l a t i o n  b y  th e  

m anganese  s a l t ,  w h ic h  r e s u l t e d  in  t h e  th ro w in g  o f f  i n t o  th e  

b lo o d  o f  form ed a n t i b o d i e s  w h ich  w ere  p r e v i o u s l y  a t t a c h e d  t o  

th e  c e l l s .

S in g e r  and A d le r  (1 9 2 4 )  1 >2 showed t h a t  in  r a b b i t s  

a c t i v e l y  immune t o  pneum ococcus i n f e c t i o n  b lo c k a d e  o f  th e  

r e t i c u l o - e n d o t h e l i a l  sy s te m  w i t h  in k  t e m p o r a r i ly  low ered  th e  

im m unity , w h ic h  t h e y  t h e r e f o r e  c o n s id e r e d  t o  be  e s s e n t i a l l y
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d e p e n d e n t  on t h e  a c t i v i t y  o f  r e t i c u l o - e n d o t h e l i a l  c e l l s .

M eersohn ( 1 9 2 8 )  o b s e r v e d  t h a t  s p l e n e c t o m is e d  m ic e  w ere  

more s u s c e p t i b l e  t o  s t r e p t o c o c c a l  i n f e c t i o n  th a n  norm al  

c o n t r o l s  b u t  t h a t  t h e i r  r e s i s t a n c e  was n o t  a p p r e c i a b l y  

d im in i s h e d  f u r t h e r  b y  in t r a v e n o u s  i n j e c t i o n  o f  o x id e  o f  i r o n .  

The s u r v i v i n g  b lo c k a d e d  and s p le n e c t o m is e d  a n im a l s ,  h o w e v e r ,  

showed a  much h i g h e r  p r o p o r t io n  o f  p o s i t i v e  b lo o d  c u l t u r e s  

th a n  t h e  n orm al c o n t r o l s  or  t h o s e  o n ly  s p l e n e c t o m i s e d ,  a 

s i g n i f i c a n t  i n d i c a t i o n  o f  r ed u ced  power t o  e r a d i c a t e  i n f e c t i o n .

B ass  ( 1 9 2 5 )  r e c o r d e d  e x p e r im e n ts  s i m i l a r  t o  t h o s e  o f  

S i n g e r  and A d le r ,  b u t  w i t h  s t r e p t o c o c c i ;  he  a l s o  c o n c lu d ed  

t h a t  t h e  a c t i v i t y  o f  t h e  r e t i c u l o - e n d o t h e l i a l  sy stem  was th e  

e s s e n t i a l  f a c t o r  in  im m unity a g a i n s t  t h i s  o rg a n ism .

Gay and M o rr iso n  (1 9 2 3 )  h ave  app roached  th e  problem  from  

a n o t h e r  s i d e ,  and have c la im e d  t h a t  r a b b i t s  may be  p r o t e c t e d  

a g a i n s t  i n t r a p l e u r a l  s t r e p t o c o c c a l  i n f e c t i o n  b y  m o b i l i s i n g  

t h e  h i s t i o c y t e s  a t  t h e  s i t e  o f  i n o c u l a t i o n  by means o f  

p r e v io u s  l o c a l  i n j e c t i o n  o f  b r o t h .  I t  i s  d i f f i c u l t ,  h o w ev er ,  

t o  u n d e r s ta n d  t h e  mechanism  b y  w h ich  p r o t e c t i o n  i s  b ro u g h t  

a b o u t .  The f a t a l  d o s e  o f  c o c c i  was f r e q u e n t l y  l e s s  th a n  

1000 -  i n  t h e  l a t e r  e x p e r im e n ts  a s  low a s  15 -  in  t h e  form

o f  a d i l u t i o n  o f  a 2 4  h o u r  b r o th  c u l t u r e  w h ich  was t h e r e f o r e  

p r o b a b ly  n o t  i n  th e  a c t i v e  p h ase  o f  grow th ( W r ig h t ,1 9 2 7 ) ,  y e t  

i t  i s  s t a t e d  t h a t  o v e r  4 , 0 0 0 , 0 0 0  c la s m a t o c y t e s  w ere  

r e q u ir e d  i n  th e  p le u r a  t o  p r o t e c t  th e  a n im a ls .  The e x c e s s
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o f  c e l l s  r e q u ir e d  t o  d e s t r o y  t h i s  s m a l l  number o f  b a c t e r i a  

i s  s t r i k i n g .

C la rk  ( 1 9 2 9 )  p er form ed  s i m i l a r  e x p e r im e n ts  u s i n g  ty p e  I  

p n e u m o c o c c i ,  and found t h a t  th e  p r e s e n c e  o f  abundant  

c l a s m a t o c y t e s  in  t h e  p l e u r a  d i d  n o t  p r o t e c t  r a b b i t s  a g a i n s t  

d e a t h  from  p n eu m o co cca l  empyema; th e  a d d i t i o n  o f  immune 

seru m , h o w e v e r ,  b r o u g h t  a b o u t  p r o t e c t i o n  a l t h o u g h  a d m in is t e r e d  

i n  d o s e s  i n s u f f i c i e n t  p e r  s e  t o  s a v e  norm al a n im a ls .

N akahara ( 1 9 2 5 )  fou n d  t h a t  m ice  w ere  p r o t e c t e d  a g a i n s t  

i n t r a p e r i t o n e a l  i n f e c t i o n  w i t h  m u l t i p l e  l e t h a l  d o s e s  o f  

s t a p h y l o c o c c i  or  p n eu m ococc i by p r e v io u 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  o f  o l i v e  o i l ,  and he  a t t r i b u t e d  t h e  b e n e f i c i a l  

i n f l u e n c e  o f  th e  t r e a t m e n t  to  th e  p r e s e n c e  o f  s t im u la t e d  

m acrop h ages  in  t h e  p e r i to n e u m .

In a l l  t h e s e  e x p e r im e n ts  i t  has  b een  o b se r v e d  t h a t  th e  

in f la m m a to r y  e x u d a t e s  w h ic h  p r o t e c t  i n  v i v o  do n o t  p o s s e s s  a 

s u f f i c i e n t l y  d e s t r u c t i v e  a c t i o n  on th e  org a n ism s i n  v i t r o  t o
2e x p l a i n  t h e  p r o t e c t i o n  a f f o r d e d  ( s e e  a l s o  Gay and C la r k ,  1926)

W r ig h t  ( 1 9 2 7 )  a l s o  s t a t e d  t h a t  th e r e  e x i s t s  a mechanism  

f o r  t h e  d e s t r u c t i o n  o f  o rg a n ism s  in  v iv o  w h ich  h a s  no  

p a r a l l e l  i n  in  v i t r o  e x p e r im e n ts  and w h ic h  i s  in d ep en d e n t  o f  

d e m o n s tr a b le  a n t i b o d i e s  o f  th e  commonly r e c o g n i s e d  t y p e s .

W righ t added  f u r t h e r  t h a t  p r o c e d u r e s  d e s ig n e d  t o  throw o u t  

o f  a c t i o n  t h e  r e t i c u l o - e n d o t h e l i a l  sy s te m  had no i n f l u e n c e
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on t h e  r a t e  o f  c l e a r i n g  o f  t h e  b lo o d  s tr ea m  o f  p n eu m ococc i

and a t t r i b u t e s  t h i s  t o  t h e  p r e s e n c e  o f  s e v e r a l  m u t u a l ly

c o m p e n sa to r y  m echanism s w h ic h  a r e  t o g e t h e r  in v o l v e d  i n  th e  

c l e a r i n g  p r o c e s s .  I t  m ust be  n o t e d ,  h o w e v e r ,  t h a t  th e  d o s e s

o f  in k  and d y e  u s e d  t o  p ro d u ce  " b lo c k a d e 1' w ere  r e l a t i v e l y

s m a l l .

B esr ed k a  ( 1 9 2 3 } » 2  1924)  has  c la im e d  t h a t  th e  i n j e c t i o n  

i n t o  t h e  s k i n ,  or  ev en  t h e  m ere a p p l i c a t i o n  t o  i t s  s u r f a c e ,  

o f  b r o t h  f i l t r a t e s  o f  o ld  c u l t u r e s  o f  s t a p h y l o c o c c i  and 

o t h e r  o r g a n ism s  p r o t e c t s  th e  s k i n  a g a i n s t  i n f e c t i o n  by  

t h e  c o r r e s p o n d in g  o r g a n is m s ,  and t o  su c h  f i l t r a t e s  he  has  

a p p l i e d  t h e  name " a n t i v i r u s . ” O th ers  h ave  shown however  

t h a t  t h e  p r o t e c t i v e  e f f e c t  i s  n o t  s p e c i f i c ,  b u t  can  a l s o  be  

o b t a in e d  b y  t h e  a p p l i c a t i o n  o f  b r o t h  a l o n e ;  and th e y  

a t t r i b u t e  t h e  p r o t e c t i v e  a c t i o n  t o  th e  in c r e a s e d  number o f  

h i s t i o c y t e s  i n  t h e  a r e a  o f  s k i n  i n j e c t e d  or  sodden by th e .  

w e t  d r e s s i n g s  ( G r a t ia  1 923;  M a llo ry  and M arble 1925;

M i l l e r  1 9 2 7 ;  F r e e d la n d e r  and Toomey 1 9 2 8 . )

H ach, B orod aj and Melnyk (1 9 2 7  -  2 8 )  h ave  found in  

r a b b i t s  d y in g  o f  a c u t e  s t a p h y l o c o c c a l  s e p t ic a e m ia  f o l l o w i n g  

in t r a v e n o u s  i n j e c t i o n  o f  v i r u l e n t  c u l t u r e s  t h a t  th e  number 

o f  o r g a n ism s  i n  th e  s p l e e n  p r o g r e s s i v e l y  d im in i s h e s  w h i l e  

t h a t  i n  t h e  s k i n  u n d e rg o e s  c o n t in u e d  i n c r e a s e  u n t i l  th e  d e a th  

o f  t h e  a n im a l .  Hach and Melnyk (1 9 2 7  -  2 8 )  s u b s e q u e n t ly
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fou n d  t h a t  i f  a r e a s  o f  s k i n  w ere  p r e p a r e d  by e x t e n s i v e  

in t r a d e r m ic  i n j e c t i o n  o f  s t e r i l e  b r o t h  t h e  number o f  

o r g a n ism s  r e c o v e r a b l e  from  su c h  s i t e s  was o n ly  one h u n d red th  

o f  t h a t  fou n d  i n  u n t r e a t e d  a n im a l s ,  and th e y  c o n s id e r e d  t h a t  

t h e  d i f f e r e n c e  was p r o b a b ly  due t o  th e  p r o t e c t i v e  a c t i o n  o f  

t h e  h i s t i o c y t e s  m o b i l i s e d  i n  t h e  s k i n  a s  a r e s u l t  o f  th e  

i n t r o d u c t i o n  o f  b r o t h .  The d e g r e e  o f  im m u n isa t io n  how ever  

was i n  no c a s e  s u f f i c i e n t  t o  a f f o r d  c o m p le te  p r o t e c t i o n  

a g a i n s t  a l e t h a l  d o s e  o f  t h e  i n f e c t i n g  o rg a n ism .

L ed in gh am 's  r e s u l t s  (1 9 2 7 )  i n  v a c c i n i a  a r e  s p e c i a l l y  

i n t e r e s t i n g .  He o b s e r v e d  t h a t  th e  c u ta n e o u s  r e s p o n s e  o f  

r a b b i t s  t o  s im u l t a n e o u s  i n o c u l a t i o n  o f  I n d ia  in k  and 

v a c c i n i a  v i r u s  w as g r e a t l y  m o d i f i e d ;  f u r t h e r ,  v a c c i n a t i o n  

o f  a r e a s  o f  s k i n  p r e v i o u s l y  i n j e c t e d  w i t h  in d ia  in k  r e s u l t e d  

i n  f a i l u r e s  t o  t a k e .  T h is  r e s i s t a n c e  was p u r e ly  l o c a l  and 

was s t r i c t l y  c o n f in e d  t o  th e  in k  s p o t s  i n  th e  s k i n ;  i t  

a p p ea red  t o  dep en d  on l o c a l  m o b i l i s a t i o n  o f  h i s t i o c y t e s  a t  

t h e  s i t e  o f  i n j e c t i o n .  Ledingham a l s o  s t a t e s  t h a t  s i m i l a r  

p r e l im in a r y  t r e a t m e n t  m o d i f ie d  th e  s k in  r e s p o n s e  o f  r a b b i t s  

t o  in t r a c u t a n e o u s  i n o c u l a t i o n  w i t h  e r y s i p e l a t o u s  s t r e p t o c o c c i .  

In g u in e a  p i g s  p r o t e c t i o n  was s i m i l a r l y  a f f o r d e d  a g a i n s t  

su b c u ta n e o u s  i n o c u l a t i o n  w i t h  d i p t h e r i a  t o x i n  b u t  n o t  a g a i n s t  

B. d i p h t h e r i a s  or  B. a n t h r a c i s .
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O th er  m eth od s  o f  c o n f e r r i n g  p r o t e c t i o n  w h ose  r a t i o n a l e  

i s  more o b s c u r e  a r e  e x e m p l i f i e d  by th e  work o f  Susman (1 9 2 7 )  

who fo u n d  t h a t  b r a i n  e x t r a c t s  had a f a v o u r a b le  i n f l u e n c e  on 

p n eu m o c o cc a l  i n f e c t i o n  i n  m ic e ,  51  p e r  c e n t ,  o f  t h e  a n im a ls  

t r e a t e d  b y  s u b c u ta n e o u s  i n j e c t i o n  o f  th e  e x t r a c t  e i t h e r  b e f o r e  

o r  a f t e r  i n o c u l a t i o n  s u r v i v i n g  a f t e r  a l l  norm al c o n t r o l s  

had d i e d .  Walbum ( 1 9 2 6 ) 1 ,2  h a s  shown t h a t  th e  s a l t s  o f  

c e r t a i n  m e t a l s  e s p e c i a l l y  m anganese a d m in is t e r e d  in  s u i t a b l e  

d o s e s  e n a b le  a n im a ls  t o  w i t h s t a n d  w i t h o u t  harm l e t h a l  d o s e s  

o f  v a r i o u s  t o x i n s .  M ice c o u ld  a l s o  be  p r o t e c t e d  by s m a l l  

d o s e s  o f  c a es iu m  c h l o r i d e  a g a i n s t  an o t h e r w is e  f a t a l  i n f e c t i o n  

w i t h  r a t i n  b a c i l l i .  T reatm en t o f  r a t i n  i n f e c t e d  m ice  w i t h  

v a c c i n e  o r  m anganese  s a l t s  s e p a r a t e l y  was i n e f f e c t i v e  w h ereas  

t h e  com bined a d m i n i s t r a t i o n  o f  b o t h  sa v ed  a la r g e  p e r c e n t a g e  o f  

the a n i m a l s .  S i m i l a r l y  th e  a d m i n i s t r a t i o n  o f  a n t is e r u m  a lo n g  

w i t h  s u i t a b l e  d o s e s  o f  m anganese s a l t s  p r o t e c t e d  a n im a ls  

a g a i n s t  v a r i o u s  t o x i n s  i n  d o s e s  w h ic h  w ere  w i t h o u t  p r o t e c t i v e  

e f f e c t  when a d m in is t e r e d  s e p a r a t e l y .  In a l l  t h e s e  e x p e r im e n ts  

a s t r i k i n g  f e a t u r e  i s  t h e  v e r y  narrow ran ge  o f  d o s e s  o f  m e ta l  

s a l t  w h ic h  c o n f e r  p r o t e c t i o n ;  th e  optimum d o s e  in  one 

i n f e c t i o n  or  i n t o x i c a t i o n  i s ,  h o w ev er , n o t  n e c e s s a r i l y  th e  

m ost e f f e c t i v e  i n  any o t h e r .  . The mode o f  a c t i o n  o f  t h e s e  

s u b s t a n c e s  i s  q u i t e  unknown, and th e  f i n d i n g s  c a n n o t  a s  y e t  be
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c o r r e l a t e d  w i t h  o t h e r  k n ow led ge  o f  im m unity p r o c e s s e s .

I t  i s  c l e a r  t h e r e f o r e  t h a t  many p r o c e d u r e s  may e x e r t  

a p r o fo u n d  i n f l u e n c e  on im m unity , b o t h  i n  r e g a r d  to  r e s i s t a n c e  

t o  a c u t e  i n f e c t i o n  and in  th e  fo r m a t io n  o f  immune a n t i b o d i e s .  

Such o t h e r  f a c t o r s  may h ave  b e e n  n e g l e c t e d  in  i n t e r p r e t i n g  

t h e  r e s u l t s  o f  e x p e r im e n t a l  p r o c e d u r e s .

My own work c o n s i s t s  o f  t h r e e  m ain e x p e r im e n ts  in  w h ich  

a t t e m p t s  h a v e  b e e n  made t o  a s s e s s  th e  e f f e c t s  on r e s i s t a n c e  

t o  p n eu m o c o cc a l  i n f e c t i o n  o f  (a )  v i t a l  s t a i n i n g  o f  th e  

r e t i c u l o - e n d o t h e l i a l  s y s te m  a s  a w h o le ;  (b )  v i t a l  s t a i n i n g  

o f  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  a t  th e  s i t e  o f  i n o c u l a t i o n ;  

( c )  b lo c k a d e  o f  t h e  i n t r a v a s c u l a r  e le m e n ts  o f  th e  r e t ic u lo > -  

e n d o t h e l i a l  s y s t e m  a lo n e  or  com bined w i t h  sp le n e c to m y  or  

n ep h re c to m y . In s u r v e y in g  th e  r e s u l t s  i t  may be s t a t e d  t h a t  

c o n t r o l  o b s e r v a t i o n s  and e x a m in a t io n  o f  th e  t i s s u e s  o f  th e  

i n d i v i d u a l  a n im a ls  h ave  shown t h a t  th e  p r e l im in a r y  tr e a tm e n t  

o f  th e  r e t i c u l o - e n d o t h e l i a l  sy s te m  in  ea ch  c a s e  su c ce e d e d  in  

i t s  im m ed ia te  o b j e c t .  In th e  f i r s t  ex p e r im en t  th e  t i s s u e s  

o f  a l l  t h e  d yed  a n im a ls  e x h i b i t e d  marked g e n e r a l i s e d  v i t a l  

s t a i n i n g .  In t h e  seco n d  ex p e r im en t  th e  in t r o d u c t i o n  o f  

b r o th  and o f  d y e  r e s p e c t i v e l y  i n t o  th e  p er ito n eu m  produced  

in  e a ch  c a s e  an abundant c e l l u l a r  e x u d a t e ,  th e  form er  

r e s u l t i n g  c h i e f l y  in  young a c t i v e  m acrophages and polym orphs;  

the  l a t t e r  c h i e f l y  l a r g e  f u l l y  d e v e lo p e d  and i n t e n s e l y
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i n j e c t i o n  o f  o x id e  o f  i r o n  o r  o f  su g a r  d id  n o t  u p s e t  t h e  

g e n e r a l  h e a l t h  o f  t h e  a n i m a l s ; t h e  o p e r a t i v e  p r o c e d u r e s  

a l o n e  d i d  n o t  p r o v e  l e t h a l ,  and no d e a t h s  o c c u r r e d  in  th e  

c o n t r o l  m ice  from  B a r t o n e l l a  i n f e c t i o n ,  w h ic h  ap p eared  to  

b e  a b s e n t  from  the s t o c k  i n  u s e  a t  that t im e .  These  

e x p e r im e n t s  h a v e  a l l  b e e n  a d e q u a t e ly  c o n t r o l l e d .  In t h i s  

group  t h e  p r o c e d u r e s  d e s ig n e d  t o  i n f l u e n c e  t h e  a c t i v e  c e l l s  

o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  h ave  b een  p a r a l l e l e d  by  

o t h e r s  w h ic h  m ig h t  b e  e x p e c t e d  t o  e x e r c i s e  a s i m i l a r  g e n e r a l  

e f f e c t  on t h e  a n im a ls '  v i t a l i t y  w i t h o u t  a f f e c t i n g  s p e c i f i c a l l y  

t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s .  I t  w ould th u s  appear t h a t  

c o n d i t i o n s  h a v e  b e e n  e s t a b l i s h e d  i n  w h ic h  i t  sh o u ld  be  

p o s s i b l e  t o  d e t e c t  r e a d i l y  any s i g n i f i c a n t  a l t e r a t i o n  in  th e  

b e h a v io u r  o f  t h e  t r e a t e d  a n im a ls  tow ards i n f e c t i o n .  A lso  

t h e  v a r i o u s  c o n t r o l s  d e s c r i b e d  ab ove  w ould h ave  e n a b le d  th e  

e f f e c t s  o f  g e n e r a l  f a c t o r s  t o  be  s e p a r a t e d  from t h o s e  due  

t o  s p e c i f i c  a l t e r a t i o n s  i n  th e  a c t i v i t y  o f  th e  c e l l s  o f  th e  

r e t i c u l o - e n d o t h e l i a l  s y s t e m .  S in c e  t h e s e  p r o c e d u r e s  f a i l e d  

to  p r o d u ce  any d e c i s i v e  e f f e c t  on th e  r e s i s t a n c e  o f  th e  

t r e a t e d  a n im a ls  t o  p n eu m ococca l i n f e c t i o n ,  i t  rem ains to  be  

d e te r m in e d  w h e th e r  t h i s  i n d i f f e r e n c e  i m p l i e s  t h a t  th e  

e le m e n ts  o f  th e  r e t i c u l o - e n d o t h e l i a l  sy s te m  a r e  n o t  s p e c i a l l y  

c o n c e r n e d  In  i n f e c t i o n  and r e s i s t a n c e  or  w h eth er  th e  la c k  o f  

e f f e c t  i s  d u e  t o  t h e  p r e s e n c e  o f  a d eq u a te  com pensatory
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m e c h a n ism s .  It' m u st a l s o  b e  b o r n e  i n  mind t h a t  n e i t h e r  

t h e  f a c t o r s  d e s i g n e d  t o  s t i m u l a t e  r e s i s t a n c e  n o r  t h o s e  to  

d e p r e s s  i t  had an y  n o te w o r th y  e f f e c t ,  and i t  i s  t h e r e f o r e  

p r o b a b le  t h a t  r e s i s t a n c e  i s  a c o n d i t i o n  d e p e n d e n t  on a la r g e  

number o f  d i f f e r e n t  f a c t o r s ,  one or  more o f  w h ic h  can  be  

d i s t u r b e d  w i t h o u t  s e r i o u s l y  im p a ir in g  t h e  e f f i c a c y  o f  th e  

r e m a in d e r ,  or  e x a l t i n g  t h e  r e s i s t a n c e  o f  t h e  o rg a n ism  a s  a 

w h o le .  As r e g a r d s  t h e  p a r t  p la y e d  by th e  r e t i c u l o - e n d o t h e l i a l  

s y s t e m ,  h i s t o l o g i c a l  e v id e n c e  a p p ea r s  t o  show t h a t  th e  

c a p a c i t y  o f  t h e s e  c e l l s  f o r  co m p en sa to ry  h y p er tr o p h y  and 

r e g e n e r a t i o n  i s  v e r y  g r e a t .  A c c o r d in g ly  no s i g n i f i c a n t  

a b r o g a t i o n  o f  t h e  f u n c t i o n s  o f  th e  " sy s tem ” a3 a w h o le  i s  

l i k e l y  t o  be  a t t a i n e d  by t h e  means a t  p r e s e n t  a t  d i s p o s a l  

w i t h o u t  a t  th e  same t im e  p r o d u c in g  s u c h  p ro fou n d  g e n e r a l  

d e p r e s s i o n  o f  v i t a l i t y  t h a t  th e  p a r t  p la y e d  b y  th e  r e t i c u l o 

e n d o t h e l i a l  s y s te m  p e r  s e  i s  o b sc u r e d .

I t  may b e  o f  im p o rta n ce  t h a t  in  my e x p e r im e n ts  th e  

in o cu lu m  c o n s i s t e d  o f  a d i l u t i o n  o f  h e a r t  b lo o d  from a n im a ls  

r e c e n t l y  d ead  o f  an a c u t e  i n f e c t i o n ,  w h ereas  m ost w orkers  

h a v e  u s e d  24  hou r  c u l t u r e s .  F e l t o n  and D ou gh erty  (1924)  

s t a t e  t h a t  p n eu m ococc i i n  th e  a c t i v e  p h ase  o f  grow th p o s s e s s  

a h i g h e r  v i r u l e n c e  f o r  m ice  th a n  when i n  th e  l a t e n t  p h a se .  

W rig h t ( 1 9 2 7 )  h a s  c o n s id e r e d  th e  e f f e c t  o f  t h i s  l a t e n t  p h ase  

in  d e t a i l ;  i t  a p p ea r s  from h i s  work t h a t  any p r o lo n g a t io n  o f
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t h e  p e r io d  o f  l a t e n c y  a f t e r  i n t r o d u c t i o n  i n t o  t h e  a n im a l  

b od y  may im prove t h e  a n i m a l ' s  ch a n ce  o f  s u r v i v a l .  In th e  

p r e s e n t  work th e  i n f e c t i n g  d o s e s  o f  p n eu m o co cc i  h a v e  b een  

s u sp e n d e d  i n  a medium l i k e l y  to  b e  in n o cu o u s  t o  t h e  o rg a n ism s  

and h a v e  b e e n  i n j e c t e d  w i t h  th e  minimum d e l a y .  I t  i s  

t h e r e f o r e  p r o b a b le  t h a t  t h e  o rg a n ism s  w ere  i n  a l l  c a s e s  

a c t i v e l y  g r o w in g  when in t r o d u c e d  i n t o  t h e  p e r ito n e u m .

As r e g a r d s  t h e  i n t e r p r e t a t i o n  o f  r e s u l t s  i n  i n v e s t i g a t i o n s  

o f  t h i s  n a t u r e  i t  i s  e s s e n t i a l  t o  b e a r  in  mind t h a t  t h e r e  a r e  

g r e a t  v a r i a t i o n s  i n  i n d i v i d u a l  s u s c e p t i b i l i t y  among norm al  

m ice  o f  a p p a r e n t ly  t h e  same a g e ,  s i z e  and w e i g h t ,  s o  t h a t  

w i t h  a s e r i e s  o f  d o s e s  one d o e s  n o t  g e t  u n i fo r m ly  f a t a l  or  

n o n - f a t a l  r e s u l t s  u n l e s s  th e  d i f f e r e n c e s  b e tw een  t h e  d o s e s  a r e  

v e r y  g r e a t .  A c c o r d in g ly  a  c r i t i c a l  ran ge  o f  d o s e s  has b een  

s e l e c t e d  w i t h i n  w h ic h  su c h  i n d i v i d u a l  v a r i a t i o n s  a r e  m et w i t h .  

I f  i n t e r f e r e n c e  w i t h  th e  r e t i c u l o - e n d o t h e l i a l  s y s te m  e x e r c i s e d  

a n y  d e c i s i v e  e f f e c t  on r e s i s t a n c e ,  I t  i s  t o  be  e x p e c t e d  t h a t  

s u c h  i n d i v i d u a l  v a r i a t i o n s  w ould no lo n g e r  b e  a p p a r e n t ,  or  

a t  l e a s t  t h a t  th e y  w ould  n o t  be  found w i t h i n  th e  same ran ge  

o f  d o s e s  i n  n orm al c o n t r o l s  and in  t r e a t e d  a n im a ls .  S in c e

t h i s  v a r i a b i l i t y  i n  r e s i s t a n c e  i s  m a n i f e s t e d  in  t h e  same 

w id e  r a n g e  o f  d o s e s  in  b o t h  t r e a t e d  and u n t r e a t e d  a n im a ls ,  

th e  v a r i o u s  e x p e r im e n t a l  p r o c e d u r e s  h ave  c l e a r l y  f a i l e d  to  

e x e r c i s e  an y  d e c i s i v e  e f f e c t  on r e s i s t a n c e ,  though o f  c o u r se
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t h e  m ethod may h a v e  f a i l e d  t o  d e t e c t  m inor v a r i a t i o n s  

e x p e r i m e n t a l l y  in d u c e d .  T h ese  s t a t e m e n t s  a p p ly  a l s o  t o  

a n a lo g o u s  m eth od s  u s e d  by o t h e r  i n v e s t i g a t o r s .

My o b s e r v a t i o n s  on t h e  f u n c t i o n a l  c a p a c i t y  o f  th e  

r e t i c u l o - e n d o t h e l i a l  s y s te m  d u r in g  p n eu m o co cca l  i n f e c t i o n  

h a v e  y i e l d e d  r e s u l t s  d i f f e r e n t  from  t h o s e  o f  P a s c h k is  (1 9 2 4 )  

and S in g e r  ( 1 9 2 5 ) .  The fo rm er  s t a t e s  t h a t  i n  r a t s  i n j e c t e d  

w i t h  s t r e p t o c o c c a l  v a c c i n e  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  

o f  t h e  s p l e e n  f a i l  to  s t o r e  l i t h i u m  carm ine  i n j e c t e d  

s u b s e q u e n t l y ,  and h e  a t t r i b u t e s  t h i s  t o  " b lo c k in g ” o r  p o i s o n 

in g  o f  t h e  c e l l s  f o l l o w i n g  th e  i n g e s t i o n  o f  c o c c i .  S in g e r  

( 1 9 2 5 )  o b s e r v e d  t h a t  d u r in g  t h e  c o u r s e  o f  a n th r a x  i n f e c t i o n  

i n  r a b b i t s  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  o f  l i v e r  and 

s p l e e n  l o s e  t h e i r  c a p a c i t y  f o r  t a k i n g  up congo r ed  i n j e c t e d  

i n t r a v e n o u s l y  and he c o n s i d e r s  t h a t  t h e r e  i s  i n  t h i s  i n f e c t i o n  

e v i d e n c e  o f  a s p e c i f i c  p o i s o n i n g  o f  th e  r e t i c u l o - e n d o t h e l i a l  

s y s t e m .  In l a t e r  com m u n ication s  he  s t a t e s  ( 1 9 2 6 ,  1926  -2 7 )  

t h a t  t h e  m o s t  s t r i k i n g  h i s t o l o g i c a l  e v id e n c e  o f  damage i s  

th e  l o s s  o f  c h r o m a f f in  s t a i n i n g  i n  th e  s u p r a r e n a l s ,  and t h a t  

c h a n g e s  i n  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  a r e  s l i g h t ,  

c o n s i s t i n g  c h i e f l y  o f  f a t t y  d e g e n e r a t io n  i n  th e  e a r l y  s t a g e s  

o f  i n f e c t i o n ;  s u c h  ch a n g es  w ere  u s u a l l y  a b s e n t  a t  d e a t h .

The e v i d e n c e  in  fa v o u r  o f  s p e c i f i c  damage to  th e  r e t i c u l o 

e n d o t h e l i a l  s y s t e m  d o e s  n o t  ap p ear  to  b e  v e r y  w e l l  fou n d ed .
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The p r e s e n t  o b s e r v a t i o n s  show t h a t  t h e  f u n c t i o n a l  

a c t i v i t y  o f  t h e  i n t r a v a s c u l a r  r e t i c u l o - e n d o t h e l i a l  c e l l s  

d u r in g  p n eu m o c o cc a l  i n f e c t i o n  i s  n o t  s i g n i f i c a n t l y  a l t e r e d  

a c c o r d in g  t o  t h e  c r i t e r i o n  o f  p h a g o c y t ic  c a p a c i t y .
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SUMMARY AND CONCLUSIONS.

M ice s u b j e c t e d  t o  m od erate  d e g r e e s  o f  i n t r a - v i t a m  

s t a i n i n g  e i t h e r  b y  t h e  s lo w  method ( i s a m in e  b l u e )  or  b y  th e  

r a p id  m ethod ( t r y p a n  b l u e )  show no n o te w o r th y  d i f f e r e n c e  from  

n o rm a l m ic e  i n  t h e i r  r e s i s t a n c e  t o  p n eu m ococca l i n f e c t i o n .

The p r e s e n c e  i n  t h e  p e r ito n e u m  o f  a c e l l u l a r  e x u d a te  

r i c h  in  l a r g e  v i t a l l y  s t a i n e d  m acrophages d o e s  n o t  p r o t e c t  

m ice  from  i n t r a p e r i t o n e a l  p n eu m o co cca l  i n f e c t i o n  n o r  i s  th e  

r e s i s t a n c e  lo w e re d  u n d er  t h e s e  c o n d i t i o n s .  Young a c t i v e  

u n s t a i n e d  m acrophages  a l s o  f a i l  t o  c o n f e r  p r o t e c t i o n .  

S t i m u l a t i o n  o f  l o c a l  m acrophages a t  th e  s i t e  o f  i n o c u l a t i o n  

th u s  a p p e a r s  t o  b e  w i t h o u t  d e f i n i t e  i n f l u e n c e  on t h i s  

i n f e c t i o n  in  m ic e .

•B lo ck a d e*  o f  t h e  r e t i c u l o - e n d o t h e l i a l  sy s te m  a lo n e  or  

com bin ed  w i t h  s p le n e c to m y  or o t h e r  o p e r a t i v e  m easu res  a l s o  

f a i l s  t o  m o d ify  th e  c o u r s e  o f  pn eu m ococca l i n f e c t i o n  in  m ic e ,  

and i t  h a s  b een  c l e a r l y  shown t h a t  su c h  p r o c e d u r e s  do n o t  

p ro d u ce  an y  s i g n i f i c a n t  a l t e r a t i o n  o f  r e s i s t a n c e .  The 

v a r i a t i o n s  i n  s u r v i v a l  met w i t h  in  a n im a ls  s o  t r e a t e d  do  

n o t  d i f f e r  from  n a t u r a l  v a r i a t i o n s  in  u n t r e a t e d  a n im a ls  due 

t o  i n d i v i d u a l  s u s c e p t i b i l i t y .

I t  c a n n o t  be  i n f e r r e d  from su c h  e x p e r im e n ts  t h a t  th e  

r e t i c u l o - e n d o t h e l i a l  s y s te m  p la y s  no s p e c i a l  p a r t  in  immunity  

p r o c e s s e s .  R a th er  one m ust c o n c lu d e  e i t h e r  t h a t  th e
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e x p e r i m e n t a l  d i s t u r b a n c e s  h ave  b e e n  a d e q u a t e ly  c o m p e n sa te d ,  

o r  t h a t  t h e  m ethod e m p lo y e d ,  v i z .  th e  e s t i m a t i o n  o f  r e s i s 

t a n c e  t o  o r g a n ism s  w h ich  r a p i d l y  m u l t i p l y  and in v a d e  to  

p r o d u ce  a  g e n e r a l  i n f e c t i o n ,  i s  n o t  s u i t a b l e  f o r  th e  d e t e c 

t i o n  o f  s u c h  m in or  v a r i a t i o n s  in  r e s i s t a n c e  a s  may be  

p ro d u ced  b y  o p e r a t i v e  m ea su res  combined w i t h  b lo c k a d e  o f  

t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m .

The c e l l s  o f  th e  r e t i c u l o - e n d o t h e l i a l  s y s te m  o f  m ice  

d y i n g  o f  p n eu m o co cca l  s e p t i c a e m ia  rem ove s a c c h a r a t e d  o x id e  

o f  i r o n  from  t h e  c i r c u l a t i n g  b lo o d  and s t o r e  i t  i n t r a 

c e l l u l a r  l y  a s  r e a d i l y  a s  t h o s e  o f  n orm al m ic e .  There i s  

t h e r e f o r e  no s i g n i f i c a n t  l o s s  o f  f u n c t i o n a l  c a p a c i t y  as  

ju d g ed  b y  p h a g o c y t o s i s  i n  t h e  i n t r a v a s c u l a r  e le m e n ts  o f  th e  

r e t i c u l o - e n d o t h e l i a l  s y s t e m  ev en  a t  th e  h e i g h t  o f  th e  

i n f e c t i o n .



V II .  The a p p l i c a t i o n  o f  i n t r a v i t a m  s t a i n i n g  t o  

p a t h o l o g i o a l  i n v e s t i g a t i o n s .

The h i s t o l o g i c a l  i d e n t i f i c a t i o n  o f  c e l l s  by  means 
o f  i n t r a v i t a m  s t a i n in g .

The s o - c a l l e d  r e t i c u l o - e n d o t h e l i a l  b lo c k a d e .

The e s t im a t io n  o f  th e  f u n c t io n a l  c a p a c i ty  o f  th e  
r e t i c u l o - e n d o t h e l i a l  system  i n t r a  v ita m .
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A c o m p r e h e n s iv e  d e s c r i p t i o n  o f  t h e  m eth ods  and  

g e n e r a l  r e s u l t s  o f  i n t r a v i t a m  and s u p r a v i t a l  s t a i n i n g  h a s  b een  

g i v e n  i n  p a r t  I  o f  t h i s  s t u d y ,  and a  d e t a i l e d  a c c o u n t  o f  t h e  

d i s t r i b u t i o n  o f  t h e  v i t a l l y  s t a i n e d  c e l l s  h a s  b e e n  p r e s e n t e d  i n  

p a r t  I I *  I t  h a s  b e e n  shown t h a t  we ca n  b y  t h i s  means d e m o n str a te  

t h e  e n t i r e  group o f  c e l l s  w h ic h  a r e  a t  t h e  t im e  e x h i b i t i n g  t h e  

p h y s i o l o g i c a l  c a p a c i t i e s  o f  m acrop h ages  and w h ich  may th u s  be 

c o n v e n i e n t l y  gro u p ed  t o g e t h e r  u n d er  t h e  t i t l e  “r e t i o u l o - e n d o t h e l i a ]  

s y s t e m ” .  But s i n o e  v i t a l  s t a i n s  p e r  s e  p ro d u ce  a  marked r e a c t i o n  

when i n t r o d u c e d  l o c a l l y ,  t h e  a d m i n i s t r a t i o n  o f  su oh  d y e s  b y  th e  

s u b c u t a n e o u s  o r  i n t r a p e r i t o n e a l  r o u t e s  g i v e s  an  e rr o n e o u s  

i m p r e s s i o n  o f  t h e  number o f  h i s t i o o y t e s  p r e s e n t  i n  t h e  t i s s u e s  a t  

t h e  s i t e  o f  i n j e c t i o n  and , ow ing  t o  s lo w n e s s  o f  a b s o r p t i o n ,  may 

f a i l  t o  d e m o n s tr a te  a d e q u a t e ly  t h o s e  i n  d i s t a n t  p a r t s .  I t  f o l l o w c  

t h e r e f o r e  t h a t  i n  o r d e r  t o  o b t a in  a  c o m p le te  d e m o n s tr a t io n  o f  t h e  

c e l l s  n o r m a l l y  c o m p r is in g  t h e  s y s te m  b u t  w i t h o u t  p r o v o k in g  th e  

f o r m a t io n  o f  new c e l l s  i t  i s  n e c e s s a r y  t o  a d m in i s t e r  b y  t h e  

i n t r a v e n o u s  r o u t e  r e p e a t e d  d o s e s  o f  a  f a i r l y  r a p i d l y  d i f f u s i b l e  

dye s u c h  a s  tr y p a n  b lu e  or  v i t a l  new r e d ,  and t o  exam ine th e  

t i s s u e s  w i t h i n  a  r e l a t i v e l y  s h o r t  t im e ,  e . g .  24 h o u rs  a f t e r  th e  

l a s t  i n j e c t i o n  o f  d y e .

As r e g a r d s  t h e  e x p e r im e n t a l  a p p l i c a t i o n  o f  m ethods o f  

in t r a v i t a m  s t a i n i n g  i t  may be s t a t e d  from a  s tu d y  o f  th e  

l i t e r a t u r e  t h a t  i n v e s t i g a t i o n s  h ave  b e e n  d i r e c t e d  c h i e f l y  a lo n g  

two l i n e s  : ( 1 )  t h e  h i s t o l o g i c a l  i d e n t i f i c a t i o n  o f  c e l l s  i n
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in f la m m a to r y  and o t h e r  r e a c t i v e  s t a t e s  b y  v i t a l  and s u p r a v i t a l  

s t a i n i n g ,  and ( 2 )  a t t e m p t s  t o  d e t e c t  d i f f e r e n c e s  i n  th e  

b e h a v io u r  o f  a n im a ls  a f t e r  t h e  s o - c a l l e d  r e t i c u l o - e n d o t h e l i a l  

b lo c k a d e ,  w i t h  a  v ie w  t o  e s t i m a t i n g  t h e  p a r t  p la y e d  by th e  

r e t i c u l o - e n d o t h e l i a l  s y s t e m .  Exam ples o f  su o h  a p p l i c a t i o n s  o f  

t h e  m eth od s  have b e e n  g i v e n  i n  p a r t s  IV, V, and VI o f  t h i s  

s t u d y .  I t  i s  p r o p o s e d  h e r e  t o  f o r m u la t e  c r i t i c a l l y  th e  

c o n c l u s i o n s  w h ic h  have b een  r e a c h e d  i n  my e x p e r im e n t a l  work  

r e g a r d in g  t h e  c o n d i t i o n s  u n d er  w h ich  t h e s e  m ethods may be 

a p p l i e d  t o  t h e  s t u d y  o f  p a t h o l o g i c a l  p r o b le m s .

Prom many r e c e n t  d e s c r i p t i o n s  o f  v i t a l  s t a i n i n g  and  

o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  i t  m ig h t  ap p ea r  t h a t  t o  s tu d y  

t h e  p a r t i c i p a t i o n  o f  t h e s e  c e l l s  i n  in f la m m a to r y  c o n d i t i o n s  and  

o t h e r  r e a c t i v e  s t a t e s  i t  w ould  be  s u f f i c i e n t  t o  a d m i n i s t e r  one 

or  two d o s e s  o f  a  r a p i d l y  d i f f u s i b l e  d y e ,  e . g .  tr y p a n  b l u e ,  

d u r in g  t h e  e x p e r im e n t .  I f  t h e n  t h e  r e a c t i n g  c e l l s  w ere found  

t o  be  v i t a l l y  s t a i n e d  t h e y  m ust be h i s t i o c y t e s  or  t h e i r  

im m ed ia te  d e r i v a t i v e s  and c o u ld  n e i t h e r  be  m on onuclear  l e u c o c y t e s  

from  t h e  c i r c u l a t i n g  b lo o d  n o r  be  d e r iv e d  from  o t h e r  c e l l s  w h ich  

do n o t  n o r m a l l y  s t o r e  v i t a l  d y e s .  T h is  p r e m ise  i s ,  how ever,  

q u i t e  u n so u n d , f o r  a s  has  b een  p o i n t e d  o u t ,  u n s t a in e d  c e l l s  may 

come t o  e x h i b i t  a  p r e v i o u s l y  l a t e n t  c a p a c i t y  f o r  v i t a l  s t a i n i n g  

un der  t h e  i n f l u e n c e  o f  a l t e r e d  e n v ir o n m e n ta l  c o n d i t i o n s .  I t
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may b e  d e f i n i t e l y  a c c e p t e d  t h a t  u n d er  s u c h  c i r c u m s t a n c e s  v i t a l  

s t a i n i n g  o f  a r e a c t i n g  c e l l  i s  m e r e ly  an  i n d i c a t i o n  t h a t  i t  i s  

i n  a  c e r t a i n  c o n d i t i o n  o f  f u n c t i o n a l  a c t i v i t y  a t  t h e  t im e  o f  

e x a m in a t io n ,  h u t  d o e s  n o t  p e r m it  a n y  c o n c l u s i o n  i n  r e g a r d  t o  i t s  

fo r m e r  s t a t e  o r  i t s  im m ed iate  o r i g i n .

I t  m u st  a l s o  he remembered t h a t  s o l u b l e  v i t a l  s t a i n s  

r e q u i r e  t o  c i r c u l a t e  i n  t h e  body f l u i d s  f o r  a  p e r io d  o f  a t  l e a s t  

s e v e r a l  h o u r s  b e f o r e  i n t r a c e l l u l a r  dye d e p o s i t s  become v i s i b l e  

(K agan, 1 9 2 7 ) .  D u r in g  t h i s  l a g  p e r i o d  u n s t a i n e d  c e l l s  may 

m ig r a t e  i n t o  s u c h  a  s i t u a t i o n  t h a t  th e  c i r c u l a t i n g  d y e s t u f f  i s  

n o  l o n g e r  a v a i l a b l e  t o  them, and th u s  a p p ea r  u n s t a i n e d ;  such  

c e l l s  may th e n  i f  t h e  dye be l a t e r  made a v a i l a b l e  t o  them, 

r a p i d l y  e x e r c i s e  t h e i r  h i t h e r t o  l a t e n t  c a p a c i t y  and s t o r e  th e  

v i t a l  s t a i n  a c t i v e l y .

The h i s t o l o g i c a l  I d e n t i f i c a t i o n  o f  c e l l s  b y  means o f  

i n t r a v i t a m  s t a i n i n g .

As r e g a r d s  t h e  u s e  o f  in t r a v i t a m  s t a i n i n g  a s  a  means 

o f  s t u d y i n g  th e  o r i g i n  o f  c e r t a i n  r e a c t i n g  c e l l s  i n  in f la m m a to ry  

e x u d a t e s  t h e  f o l l o w i n g  g e n e r a l  s t a t e m e n t s  c a n  be made i n  th e  

l i g h t  o f  t h e  e x p e r i e n c e  g a in e d  i n  th e  f o r e g o i n g  i n v e s t i g a t i o n s ,  

a s  t h e y  form  t h e  n e c e s s a r y  b a s i s  o f  i n t e r p r e t a t i o n  i n  su ch  

e x p e r im e n t s .
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I .  I f  an  a n im a l  r e c e i v e  a f i r s t  d o s e  o f  a  dye o f  group ( a ) ,  

e . g .  t r y p a n  b l u e ,  d u r in g  th e  p r o d u c t io n  o f  an  in f la m m a to r y  exu d ate ,  

no t r u e  v i t a l l y  s t a i n e d  c e l l s  ca n  be  e x p e c t e d  u n t i l  a t  l e a s t  

s e v e r a l  h o u r s  h a v e  e l a p s e d .  The v i t a l l y  s t a i n e d  c e l l s ,  how ever,  

w i l l  i n c l u d e  b o th  t h e  p r e - fo r m e d  and t h e  n e w ly  form ed h i s t i o c y t e s ,  

w h io h  c a n n o t  by t h i s  means be d i s t i n g u i s h e d  from  one a n o t h e r .  

F a i l u r e  t o  f i n d  v i t a l l y  s t a i n e d  c e l l s  a f t e r  a  s u f f i c i e n t  p e r io d  

may be due t o  s e v e r a l  c a u s e s ;  t h e  c e l l s  may p o s s e s s  no c a p a c i t y  

t o  s t a i n  v i t a l l y ,  or  t h e y  may be  i n  su c h  a s i t u a t i o n  t h a t  th e  

i n j e c t e d  d y e s t u f f  d o e s  n o t  r e a c h  them.

I I .  By r e p e a t e d  i n j e c t i o n s  o f  s u i t a b l e  d y e s ,  e . g .  t r y p a n  b lu e  

or  i s a m in e  b l u e ,  t h e  c e l l s  o f  t h e  r e t i c u l o - e n d o t h e l i a l  sy s te m  

i n c l u d i n g  t h e  h i s t i o c y t e s  i n  a l l  p a r t s  ca n  be s e l e c t i v e l y  

s t a i n e d .  A f t e r  a  s u f f i c i e n t  i n t e r v a l  th e  amount o f  f r e e  dye i n  

t h e  b lo o d  and t i s s u e  f l u i d s  w i l l  be  so  red u ced  t h a t  i t  i s  

i n s u f f i c i e n t  t o  p r o d u ce  v i s i b l e  s t a i n i n g  o f  an y  c e l l s  w h ich  have  

j u s t  a c q u ir e d  t h e  c a p a c i t y  t o  s t o r e  th e  v i t a l  d y e s ,  b u t  th e  c e l l s  

o r i g i n a l l y  v i t a l l y  s t a i n e d  c a n  s t i l l  be  c l e a r l y  r e c o g n i s e d .  I f  

a t  t h i s  s t a g e  a n  in f la m m a to r y  e x u d a te  be p r o d u ce d ,  th e  p r e s e n c e  

o f  v i t a l  s t a i n i n g  i n  any c o n s i d e r a b l e  p r o p o r t io n  o f  th e  c e l l s  o f  

t h e  e x u d a te  p e r m i t s  t h e  c o n c l u s i o n  t h a t  t h e y  a r e  d e r iv e d  from  

c e l l s  v i t a l l y  s t a i n e d  p r i o r  t o  t h e  f o r m a t io n  o f  th e  e x u d a t e .

For t h i s  ty p e  o f  e x p e r im en t  s o l u b l e  d yes  o f  t h e  l e s s  d i f f u s i b l e  

t y p e ,  e . g .  i s a m in e  b l u e ,  a r e  p r e f e r a b l e  owing t o  t h e i r  g r e a t e r

it
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r e s i s t a n c e  t o  d e c o l o r i s a t i o n .

I I I .  By r e p e a t i n g  t h e  a b o v e  p r o c e d u r e  I I  com bined w i t h  

in t r a v e n o u s  a d m i n i s t r a t i o n  o f  a r a p i d l y  d i f f u s i b l e  c o n t r a s t i n g  

d y e .  e . g .  l i t h i u m  carm in e  o r  v i t a l  new r ed  g i v e n  u n d er  th e  

c o n d i t i o n s  s p e c i f i e d  i n  I ,  t h e  in f o r m a t io n  o b t a i n a b l e  r e g a r d in g  

t h e  o r i g i n  o f  t h e  c e l l s  o f  an  in f la m m a to r y  e x u d a te  i s  e x te n d e d .  

The p r e s e n c e  o f  o n ly  t h e  s e c o n d  dye i n  th e  e x u d a te  c e l l s  

p e r m i t s  t h e  c o n c l u s i o n  t h a t  t h e y  h ave  a r i s e n  de novo from  

u n s t a i n e d  p r e c u r s o r s ,  and h ave  t h e n  a c q u ir e d  th e  c a p a c i t y  t o  

s t a i n  v i t a l l y  ow ing t o  t h e i r  a l t e r e d  f u n c t i o n a l  a c t i v i t y .  Many 

o f  t h e  p r e fo r m ed  h i s t i o c y t e s ,  h ow ev er ,  w i l l  be fou n d  t o  c o n t a i n  

t h e  s e c o n d  dye i n  a d d i t i o n  t o  t h a t  f i r s t  a d m in i s t e r e d ,  b u t  some 

c o n t a i n i n g  o n ly  t h e  f i r s t  dye w i l l  a l s o  be fou n d .

IV. The r e l a t i o n  o f  t h e  c i r c u l a t i n g  m o n o cy tes  t o  th e  

r e a c t i n g  c e l l s  o f  t h e  e x u d a te  may be a s c e r t a i n e d  b y  r e p e a t e d  

in t r a v e n o u s  a d m i n i s t r a t i o n  a t  s u i t a b l e  i n t e r v a l s  o f  t h e  maximum 

t o l e r a t e d  d o se  o f  i n d i a  in k  or s a c c h a r a t e d  o x id e  o f  i r o n .

S in c e  a  c o n s i d e r a b l e  p r o p o r t i o n  o f  th e  c i r c u l a t i n g  m on ocytes  

ta k e  up t h e s e  s u b s t a n c e s ,  t h e  a b se n c e  o f  th e  i n j e c t e d  s u s p e n s o id  

from  t h e  c e l l s  o f  t h e  e x u d a te  w ould  s u g g e s t  t h a t  th e  l a t t e r  do 

n o t  a r i s e  i n  an y  n o te w o r th y  p r o p o r t io n  from c i r c u l a t i n g  m o n o c y te s .  

T h is  m ethod o f  e x p e r im e n t a t io n  i s ,  h ow ever , n o t  a l t o g e t h e r  

s a t i s f a c t o r y  b e c a u s e  i n  c e r t a i n  s i t u a t i o n s ,  e . g .  bone-marrow,
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omentum and m e s e n t e r y ,  t h e  c a p i l l a r y  e n d o th e l iu m  a p p e a r s  t o  be  

more p e r m e a b le  th a n  e l s e w h e r e ,  and th e  i n j e o t e d  s u s p e n s o i d  may 

be fo u n d  i n  c e l l s  o f  h i s t i o c y t e  ty p e  i n  th e  n e ig h b o u r h o o d  o f  th e  

v e s s e l s .  D esquam ated r d t i c u l o - e n d o t h e l i a l  c e l l s  —  t h e  b lo o d  

h i s t i o c y t e s  o f  K iyon o  —  a r e  a l s o  fo u n d  i n  t h e  b lo o d  o f  

i n t e r n a l  o r g a n s ,  b u t  c a n  g e n e r a l l y  be d i s t i n g u i s h e d  from  

m o n o c y te s  b y  t h e i r  l a r g e r  s i z e  and much h e a v i e r  c o n t e n t  o f  in k ,  

e t c .

I n  p la n n in g  p a t h o l o g i c a l  e x p e r im e n ts  i n  w h ich  i t  i s  

d e s i r e d  t o  u s e  i n t r a v i t a m  s t a i n i n g  a s  a  means o f  i d e n t i f y i n g  

c e l l s  o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m , th e  above d e s c r ib e d  

c o n d i t i o n s  m ust be  s a t i s f i e d  b e f o r e  c o n c l u s i o n s  a s  t o  th e  n a tu r e  

o f  v i t a l l y  s t a i n e d  r e a c t i n g  c e l l s  ca n  be j u s t i f i e d .  That i s  t o  

s a y ,  i f  when an in f la m m a to r y  s t a t e  i s  e s t a b l i s h e d  i t  i s  d e s i r e d  

t o  t e s t  w h e th e r  t h e  r e a c t i n g  c e l l s  p o s s e s s  t h e  p r o p e r t i e s  o f  

h i s t i o c y t e s ,  i t  i s  n e o e s s a r y  t o  e n su r e  t h a t  an  a d e q u a te  q u a n t i t y  

o f  f r e e  dye w i l l  be  p r e s e n t  i n  t h e  t i s s u e  f l u i d s  a v a i l a b l e  t o  

them f o r  a  s u f f i c i e n t l y  l o n g  p e r io d  t o  p e r m it  o f  v i s i b l e  s t a i n i n g  

a t  t h e  t im e  o f  e x a m in a t io n  (p ro c e d u r e  I ) .  I f  on th e  o t h e r  hand, 

t h e  o b j e c t  o f  t h e  e x p e r im e n t  i s  th e  i d e n t i f i c a t i o n  o f  o n ly  th e  

p r e - e x i s t i n g  h i s t i o c y t e s ,  i t  i s  e s s e n t i a l  t h a t  v i t a l  s t a i n i n g  be 

c a r r i e d  o u t  p r e v i o u s l y  so  t h a t  no f r e e  dye —  or a t  l e a s t  o n ly  

a n e g l i g i b l e  amount —  i s  p r e s e n t  i n  th e  body f l u i d s  d u r in g  

th e  e x p e r im e n t ,  l e s t  u n s t a in e d  c e l l s  b e g in  t o  ta k e  up th e  dye
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u n d er  t h e  i n f l u e n c e  o f  a l t e r e d  c o n d i t i o n s  and th u s  be  c o n f u s e d  

•with p r e v i o u s l y  s t a i n e d  c e l l s  (p r o c e d u r e  I I ) .  I f  s u c h  n ew ly  

form ed  h i s t i o c y t e s  a r e  s t a i n e d  by a  s e c o n d  dye o f  d i f f e r e n t

c o l o u r  a s  i n  p r o c e d u r e  I I I ,  i t  m ust be  remembered t h a t  th e

h i s t i o c y t e s  p r e v i o u s l y  s t a i n e d  by p r o c ed u r e  I I  may be  c a p a b le  o f  

t a k i n g  up t h e  s e c o n d  dye a l s o ;  b u t  i t  i s  im p o r ta n t  t o  n o t e  t h a t  

t h e  c a p a c i t y  o f  s u c h  c e l l s  f o r  r a p id  m o b i l i s a t i o n  and m i g r a t io n

e s p e c i a l l y  i n t o  s e r o u s  c a v i t i e s  may be  i n t e r f e r e d  w i t h  b y

i n t e n s e  v i t a l  s t a i n i n g  ( s e e  p . 3 2 8 ) .

To a s s e s s  t h e  r o l e  o f  t h e  b lo o d  m o n o cy tes  i s  more 

d i f f i c u l t ,  and i t  m u st  be em p h asized  t h a t  o n ly  a  c e r t a i n  p r o 

p o r t i o n  o f  t h e s e  c e l l s  c a n  be  d em arcated  by v i t a l  s t a i n i n g  a s  

i n  p r o c e d u r e  IV, t h e  a c t u a l  number v a r y in g  c o n s id e r a b ly  in  

d i f f e r e n t  i n d i v i d u a l s  u n d er  a p p a r e n t ly  i d e n t i c a l  c o n d i t i o n s .  

S i n c e  t h e s e  c e l l s  d i s a p p e a r  from t h e  p e r i p h e r a l  b lo o d  f a i r l y  

r a p i d l y  i t  i s  n e c e s s a r y  t o  a d m in is t e r  t h e  s u s p e n s o id  i n t r a 

v e n o u s ly .  a t  i n t e r v a l s  w h ich  a r e  c a l c u l a t e d  t o  p rodu ce  th e  

g r e a t e s t  number o f  v i t a l l y  s t a i n e d  m on ocytes  i n  t h e  b lo o d  a t  th e  

t im e  when t h e  e x p e r im e n t a l  c e l l u l a r  r e a c t i o n  i s  t a k in g  p l a c e .

As m e n t io n e d  a b o v e ,  t h i s  method o f  i n v e s t i g a t i n g  th e  p a r t i c i p a t 

i o n  o f  m o n o cy te s  i s  n o t  ab ove  c r i t i c i s m  and th e  r e s u l t s  

o b t a in e d  b y  i t s  u se  r e q u i r e  t o  be c a r e f u l l y  c o n t r o l l e d  b y  o t h e r  

e x p e r im e n ts  i n  w h ich  t h e  r o l e  o f  th e  p re form ed  h i s t i o c y t e s  can
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be a s s e s s e d .

The s o - c a l l e d  r e t i o u l o - e n d o t h e l i a l  b lo c k a d e .

The c a p a o i t y  o f  r e t i o u l o - e n d o t h e l i a l  c e l l s  t o  i n g e s t  

and s t o r e  r e l a t i v e l y  enormous am ounts o f  more or  l e s s  i n e r t  

s u b s t a n c e s  s u c h  a s  i n d i a  in k  or  o x id e  o f  i r o n ,  h a s  l e d  t o  t h e  

i d e a  t h a t  t h e s e  c e l l s  may b e  throw n o u t  o f  a c t i o n  b y  s a t u r a t i n g  

them w i t h  s u c h  s u b s t a n c e s  —  t h e  s o - c a l l e d  r e t i o u l o -  

e n d o t h e l i a l  b l o c k a d e .  T h is  p r o c e d u r e  f i r s t  em ployed  b y  Lepehne  

(1 9 1 8 )  h a s  g e n e r a l l y  b e e n  com bined  w i t h  s p le n e c t o m y ,  f o r  t h e  

p u r p o se  o f  rem ovin g  t h e  m ost a c c e s s i b l e  dep'ot o f  r e t i c u l o 

e n d o t h e l i a l  c e l l s .  A t te m p ts  h a v e  b een  made t o  a s c e r t a i n  t h e  

c a p a c i t y  o f  t h e  t r e a t e d  a n im a ls  t o  form a n t i b o d i e s ,  e . g .  

p r e c i p i t i n s ,  a g g l u t i n i n s ,  e t c . ; t o  d e te r m in e  t h e  r e s i s t a n c e  o f  

su c h  a n im a ls  t o  a c u t e  i n f e c t i o n s  e i t h e r  b a c t e r i a l  or  p r o t o z o a l ;  

and t o  com pare i n  'b lo c k a d e d '  and c o n t r o l  i n f e c t e d  a n im a ls  t h e  

e f f e c t s  o f  c h e m o - t h e r a p e u t ic  a g e n t s  w h ic h  a p p a r e n t l y  depend on  

c o - o p e r a t i o n  w i t h  t h e  n a t u r a l  p r o c e s s e s  o f  th e  body f o r  t h e i r  

f u l l  e f f e c t ,  e . g .  d ru g s  o f  t h e  s a l v a r s a n  g ro u p .

The m ethod m ost commonly em ployed t o  p ro d u ce  t h e  

r e t i o u l o - e n d o t h e l i a l  b lo c k a d e  h a s  b een  t h e  in t r a v e n o u s  i n j e c t i o n  

o f  f i n e l y  d i v i d e d  p a r t i c u l a t e  m a t t e r ,  e . g .  c o l l o i d a l  s i l v e r  

(L ep eh n e , 1 9 1 8 ) ,  i n d i a  in k  (S ta n d e n a th ,  1 9 2 3 ;  J u n g e b lu t  and
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B e r l o t ,  1 9 2 6 ;  S i n g e r  and  A d l e r ,  1 9 2 4 )  and e s p e c i a l l y  

s a c c h a r a t e d  o x id e  o f  i r o n  h a v e  b e e n  u s e d  ( B i e l i n g  and  I s a a c ,  

1 9 2 1 ,  1 9 2 2 ;  R o s e n t h a l  and S p i t z e r ,  1 9 2 4 ;  K r i t s o h e w s k i  and  

M eersoh n , 1 9 2 6 ) ,  Some w r i t e r s  h ave  em ployed  s o l u b l e  d y e s  i n  

p l a c e  o f  s u s p e n s o i d s ,  e . g .  t r y p a n  b lu e  (Gay and C la r k ,  1 9 2 4 ;  

L ew is  and L oom is , 1 9 2 6 ;  R o ss ,  1 9 2 6 ) .  I t  i s  n e c e s s a r y  t o  

c o n s i d e r  w hat su c h  p r o c e d u r e s  c a n  a c h i e v e  and what i n t e r p r e t a t 

i o n s  can  j u s t i f i a b l y  be  p l a c e d  on t h e  r e s u l t s .

I t  h a s  b e e n  p o i n t e d  o u t  i n  t h e  f o r e g o i n g  p a g e s  t h a t  

f i n e l y  d i v i d e d  p a r t i c u l a t e  m a t t e r  in t r o d u c e d  i n t r a v e n o u s l y  

p r o d u c e s  v i t a l  s t a i n i n g  o f  t h e  r e t i o u l o - 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  b lo o d  v a s c u l a r  c h a n n e l s ,  b u t  d o e s  n o t  a f f e c t  t h e  

e x t r a v a s c u l a r  h i s t i o c y t e s  e x c e p t  i n  c e r t a i n  s p e c i a l  s i t u a t i o n s .  

The r e t i o u l o - e n d o t h e l i a l  c e l l s  o f  ly m p h a t ic  g la n d s  and th e  

h i s t i o c y t e s  o f  t h e  a r e o l a r  t i s s u e  i n  t h e  c u t i s  and strom a o f  

o r g a n s  a r e  t h u s  u n a f f e c t e d .  lo w  L ew is  (1 9 2 9 )  h a s  c a l c u l a t e d  

t h a t  i n  t h e  r a t  t h e  number o f  h i s t i o c y t e s  i n  th e  su b c u ta n e o u s  

t i s s u e  a l o n e  i s  g r e a t e r  th a n  t h e  t o t a l  number o f  l e u o o c y t e s  i n  

t h e  c i r c u l a t i n g  b lo o d .  S in o e  t h e s e  c e l l s  a r e  s o  a c t i v e  i n  

s t o r i n g  e a s i l y  d e m o n str a te d  s o l u b l e  f o r e i g n  s u b s t a n c e s ,  t h i s  

c a p a c i t y  c a n n o t  be d i s r e g a r d e d  i n  r e l a t i o n  t o  b a c t e r i a l  and  

o t h e r  t o x i n s  many o f  w h ic h  a l s o  form  s e m i c o l l o i d a l  s o l u t i o n s .

The p r e s e n c e  o f  s u c h  l a r g e  numbers o f  u n a f f e c t e d  a c t i v e  c e l l s
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b e l o n g i n g  t o  t h e  r e t i o u l o - e n d o t h e l i a l  s y s te m  t h e r e f o r e  

i n v a l i d a t e s  t h e  c o n c l u s i o n  t h a t  t h e  s y s te m  a s  a  w h o le  c a n  he  

th row n  o u t  o f  a c t i o n  by in t r a v e n o u s  i n j e c t i o n  o f  i n s o l u b l e  

s u s p e n s o i d s .  I t  i s  a l s o  w o r th y  o f  em p h a s is  t h a t  t h e  d i v e r s e  

e l e m e n t s  c o m p r i s in g  t h e  r e t i o u l o - e n d o t h e l i a l  s y s t e m  do n o t  

e x h i b i t  u n ifo r m  d e g r e e s  o f  a c t i v i t y  i n  d e a l i n g  w i t h  s u b s t a n c e s  

o f  d i f f e r e n t  p h y s i c o - c h e m i o a l  p r o p e r t i e s .  As h a s  b e e n  shown  

e a r l i e r ,  t h e  c e l l s  o f  t h e  s p l e e n  rem ove and s t o r e  p a r t i c u l a t e  

m a t t e r  much more r e a d i l y  th a n  s o l u b l e  d y e s ;  t h e  K u p f f e r  c e l l s  

o f  t h e  l i v e r  i n g e s t  i n d i a  in k  p a r t i c l e s  more r a p i d l y  a f t e r  

in t r a v e n o u s  i n j e c t i o n  th a n  do t h e  h i s t i o c y t e s  a f t e r  su b c u ta n e o u s  

i n j e c t i o n  and o t h e r  ex a m p le s  h a v e  b e e n  g i v e n  p r e v i o u s l y .  Eagan  

(1 9 2 7 )  h a s  s t u d i e d  i n  d e t a i l  th e  t im e  o f  a p p ea r a n c e  o f  g r a n u la r  

s t a i n i n g  i n  th e  o r g a n s  f o l l o w i n g  su b c u ta n e o u s  or  in t r a v e n o u s  

i n j e c t i o n  o f  tr y p a n  b lu e  and c o n c lu d e s  from  t h e  d i f f e r e n c e s  

o b s e r v e d  t h a t  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  a r e  n o t  e q u a l l y  

a c t i v e ,  t h e  K u p f f e r  c e l l s  and th e  h i s t i o c y t e s  sh o w in g  dye s t o r a g e  

l o n g  b e f o r e  t h e  c e l l s  o f  t h e  s p l e e n  and bone marrow. That 

s i m i l a r  d i f f e r e n c e s  may e x i s t  i n  th e  d e f e n c e  o f  th e  body a g a i n s t  

b a c t e r i a l  i n v a s i o n  i s  s u g g e s t e d  by th e  work o f  S in g e r  (1 9 2 6 - 2 7 )  

who s t a t e s  t h a t  t h e  l o c a l  h i s t i o c y t e s  a t  t h e  s i t e  o f  c u ta n e o u s  

i n f e c t i o n  w i t h  a n t h r a x  a r e  o f  l e s s  im p o rta n ce  i n  p r e v e n t i n g  or  

d e l a y i n g  t h e  d e v e lo p m e n t  o f  a n t h r a x  s e p t i c a e m ia  th a n  a r e  th e  

c e l l s  o f  t h e  l i v e r ,  s p l e e n  and bone marrow, i . e .  th e  in t r a v a s e u l a r
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r e t i o u l o - e n d o t h e l i a l  c e l l s .

S in c e  e v e n  r e l a t i v e l y  i n e r t  s u b s t a n c e s  s u c h  a s  i n d i a  

ink:, s a c c h a r a t e d  o x id e  o f  i r o n ,  c o l l a r g o l ,  e t c .  a r e  l e t h a l  i n  

o v e r d o s e s ,  t h e  q u e s t i o n  a r i s e s  a s  t o  what c a u s e s  t h e  t o x i c  e f f e o t  

o f  e x o e s s i v e  d o s e s  o f  s u c h  b lo c k a d in g  a g e n t s .  I n  t h e  o a s e  o f  

i n d i a  in k  and  c o l l a r g o l  t h e  p r o t e c t i v e  c o l l o i d s  u s e d  i n  th e  

m a n u fa c tu r e  may p l a y  a  p a r t ,  and th e  s u g a r  i n  t h e  i r o n  p r e p a r a t io n  

may p o s s i b l y  he  h a r m fu l  when t o o  much i s  g i v e n .  I t  i s  a t  l e a s t  

c l e a r  t h a t  a p a r t  a l t o g e t h e r  from  t h e  r i s k  o f  pu lm onary  em b olism  

p r o d u c in g  d e a t h  b y  m e c h a n ic a l  o b s t r u c t i o n  f i n e l y  d iv i d e d  

p a r t i c u l a t e  s u s p e n s o i d s  a r e  t o l e r a t e d  o n ly  i n  l i m i t e d  am ou n ts .

I  h a v e  o b s e r v e d ,  h o w e v e r ,  t h a t  t h e  maximum s i n g l e  d o s e  may be  

r e p e a t e d  s a f e l y  a f t e r  a  s h o r t  i n t e r v a l  ( \  -  1  h o u r)  and t h a t  i n  

some c a s e s  s e v e r a l  s u c h  d o s e s  may be  a d m i n i s t e r e d  w i t h i n  24  h o u r s  

w it h o u t  i l l  e f f e c t s .  H i s t o l o g i c a l  o b s e r v a t i o n s  show t h a t  t h i s  

i s  n o t  due e n t i r e l y  t o  th e  d e v e lo p m e n t  o f  new c e l l s  s i n c e  th e  

a c t i v e  e l e m e n t s  a r e  b y  no means s a t u r a t e d  b y  t h e  f i r s t  d o s e  o f  

s u s p e n s o i d .

The u s e  o f  s o l u b l e  d y e s  t o  p r o d u ce  b lo c k a d e  c a n n o t  l e a d  

t o  r e s u l t s  w h ich  a r e  i n  an y  way more d e c i s i v e ,  a l t h o u g h  s t o r a g e  

i n  t h e  e x t r a v a s c u l a r  h i s t i o c y t e s  i s  a t t a i n e d .  As a l r e a d y  

d e s c r i b e d ,  s u c h  d y e s  a r e  e x c r e t e d  r a p i d l y ,  and th e  maximum 

t o l e r a t e d  s i n g l e  d o se  p r o d u c e s  i n t r a c e l l u l a r  dye d e p o s i t s  w h ich  

a r e  f a r  s h o r t  o f  t h e  maximum s t o r a g e  c a p a c i t y  o f  t h e  c e l l s .
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F u r t h e r  t h e  d y e s  u s e d  a s  v i t a l  s t a i n s  a l l  p o s s e s s  a  c e r t a i n  

d e g r e e  o f  t o x i c i t y ,  and t h e  a d m i n i s t r a t i o n  o f  m axim al d o s e s  may 

p r o d u c e  a  d e p r e s s i n g  e f f e c t  on t h e  v i t a l i t y  o f  t h e  a n im a ls  

a l t o g e t h e r  a p a r t  from  s p e c i f i c  l o c a l i s a t i o n  o f  t h e  d ye  i n  th e  

c e l l s  o f  th e  r e t i c u l o - e n d o t h e l i a l  s y s t e m .  T h is  p o i s o n i n g  e f f e c t  

i s  d i s c u s s e d  more f u l l y  b y  L ouros and S c h e y e r  (1 9 2 6 )  and b y  

P a s c h k i s  ( 1 9 2 9 ) .  E x t e n s i v e  l o a d i n g  o f  t h e  c e l l s  c a n  o n l y  be  

a t t a i n e d  b y  r e p e a t e d  a d m i n i s t r a t i o n ,  b u t  d u r in g  t h i s  t im e  th e  

r e t i c u l o - e n d o t h e l i a l  s y s t e m  i s  u n d e r g o in g  f l u c t u a t i o n s  w i t h  

d e s t r u c t i o n  o f  some e le m e n t s  and f o r m a t io n  o f  a c t i v e  new c e l l s  

( s e e  a l s o  D i e t e r i c h ,  1 9 2 7 ;  H e s s e ,  1 9 2 8 ) ,  so  t h a t  c o m p le te  

a b r o g a t i o n  o f  f u n c t i o n  i n  a l l  t h e  a c t i v e  c e l l s  i s  p r a c t i o a l l y  

i m p o s s i b l e  a t  any one t i m e .  P e t r o f f  ( 1 9 2 3 ,  1 9 2 4 )  h a s  p o i n t e d  

o u t t h a t  a f t e r  r e p e a t e d  in t r a v e n o u s  i n j e c t i o n s  o f  c o l l o i d a l  

s i l v e r ,  a p p r o x im a t e ly  t h e  same p r o p o r t i o n  o f  e a c h  s u c c e s s i v e  d o se  

i s  s t o r e d  i n  t h e  o r g a n s ,  and  t h a t  p r e v i o u s  m u l t i p l e  i n j e c t i o n s  o f  

i n d i a  in k  or  tr y p a n  b lu e  do n o t  l e a d  t o  any n o t e w o r th y  d i f f e r e n c e  

i n  t h e  amount o f  s i l v e r  s t o r e d  i n  e a c h  o rg a n , a s  d e te r m in e d  b y  

c h e m ic a l  a n a l y s i s .  I t  w ou ld  t h e r e f o r e  a p p e a r  t h a t  a d e q u a te  

c o m p e n sa to r y  m echanism s e x i s t  w hereb y  th e  f u n c t i o n a l  c a p a c i t i e s  

o f  t h e  o rg a n s  a s  a  w h o le  a r e  r e s t o r e d  or  e v en  augm ented f o l l o w i n g  

t h e  s t o r a g e  o f  i n e r t  p a r t i c l e s  ( s e e  a l s o  Derman, 1 9 2 8 ) .  W hile  

i t  may t h e r e f o r e  be  c o n c lu d e d  t h a t  b lo c k a d e  o f  t h e  r e t i c u l o 
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e n d o t h e l i a l  s y s te m  a s  a  w h o le  i s  i m p r a c t i c a b l e ,  i t  i s  o t h e r w is e  

w i t h  i n d i v i d u a l  c e l l s .  As I  h a v e  shown i n  t h e  p r e c e d i n g  

s t u d i e s ,  h i s t i o c y t e s  h e a v i l y  l a d e n  w i t h  one s u b s t a n c e  p o s s e s s  a 

d im in i s h e d  c a p a c i t y  f o r  a b s o r b in g  o t h e r  s u b s t a n c e s .  C h a la tow

(1 9 2 2 )  and K u s n e tz o w s k i  (1 9 2 3 )  h a v e  r e c o r d e d  s i m i l a r  o b s e r v a t io n ^  

and t h e  l a t t e r  s t a t e s  t h a t  f a t t y  s u b s t a n c e s  i n j e c t e d  i n t o  

a n im a ls  a l r e a d y  v i t a l l y  s t a i n e d  a r e  ta k e n  up b y  and s t o r e d  i n  

h i s t i o c y t e s  w h ic h  show o n ly  t r a o e s  o f  v i t a l  s t a i n i n g ;  t h e  

a c t i v e  c e l l s  t h u s  a p p e a r  t o  be n e w ly  d e v e lo p e d  i n  r e s p o n s e  t o  

t h e  l o c a l  s t i m u l u s .  C o n v e r s e ly  when v i t a l  s t a i n s  a r e  a d m i n i s t e r 

ed  t o  a n im a ls  w h ich  h ave  p r e v i o u s l y  b een  i n j e c t e d  w i t h  f a t t y  

s u b s t a n c e s ,  t h e  h i s t i o c y t e s  w h ic h  h ave  s t o r e d  much l i p o i d  f a i l  

t o  t a k e  up t h e  d y e s  i n  any c o n s i d e r a b l e  am ount. I t  a p p ea red  

t h a t  t h e  i n g e s t i o n  o f  one s u b s t a n c e  i n  l a r g e  amount i n h i b i t e d  

t h e  s t o r a g e  o f  a n o t h e r  s u b s t a n c e  o f  d i f f e r e n t  n a t u r e .  M igay  

and  P e t r o f f  (1 9 2 4 )  a l s o  n o t e  t h a t  c o l l o i d a l  i r o n  and l i t h i u m  

ca rm in e  i n j e c t e d  i n t r a v e n o u s l y  i n  r a p id  s u c c e s s i o n  a r e  

g e n e r a l l y  d e p o s i t e d  i n  d i f f e r e n t  o e l l s ,  and P e t r o f f  (1 9 2 3 ,  1924 )  

o b s e r v e d  s i m i l a r  d i f f e r e n c e s  i n  t h e  i n t r a c e l l u l a r  d i s p o s i t i o n  o f  

c o l l o i d a l  s i l v e r  f o l l o w i n g  i n j e c t i o n s  o f  i n d i a  in k  and tr y p a n  

b l u e .

Cannon, B a er ,  S u l l i v a n  and W eb ster  (1 9 2 9 )  have  

c r i t i c i s e d  m o st  o f  t h e  p u b l i s h e d  work on r e t i c u l o - e n d o t h e l i a l
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■blockade on t h e  ground t h a t  t h e  amount o f  i n e r t  m a t e r i a l  

i n j e c t e d  was i n s u f f i c i e n t  t o  p r o d u c e  an y  r e a l  i n h i b i t i o n  o f  

c e l l u l a r  f u n c t i o n .  By e m p lo y in g  enormous d o s e s  o f  i n d i a  in k  

t h e y  w ere  a b l e  t o  p r o d u o e  a  d e f i n i t e  d e p r e s s i o n  o f  h a e m o ly s in  

f o r m a t i o n  w i t h o u t  a f f e c t i n g  t h e  g e n e r a l  h e a l t h  o f  th e  r a b b i t s .  

The l a t t e r  f a c t o r  i s  one w h ich  c a n n o t  be o v e r lo o k e d ,  s i n c e  i t  

a p p e a r s  t o  b e  e s t a b l i s h e d  t h a t  l a r g e  d o s e s  o f  i n d i a  in k  and  

o t h e r  f i n e l y  d i v i d e d  s u s p e n s o i d s  may b r i n g  a b o u t  a  s e v e r e  

an aem ia  from  damage t o  t h e  bone marrow, th o u g h  i t  i s  n o t  d e a r  

how f a r  s u c h  c h a n g e s  may be due t o  t h e  p r o t e c t i v e  c o l l o i d s  u s e d  

i n  t h e  p r e p a r a t i o n  o f  t h e  s u s p e n s o i d s  (M u l le r ,  1 9 2 6 ,  1 9 2 7 ;  

E l v i d g e ,  1 9 2 6 ) .

I t  may be  s a i d  t h a t  i n  t h e  han ds o f  d i f f e r e n t  w ork ers  

t h e  r e s u l t s  a f t e r  t h e  s o - o a l l e d  b lo c k a d e  h ave  b e e n  e x t r e m e ly  

v a r i a b l e .  Owing t o  t h e  s m a l l  number o f  a n im a ls  u s e d  i n  many 

o a s e s  i t  h a s  b e e n  o v e r lo o k e d  t h a t  t h i s  i r r e g u l a r i t y  may be due 

t o  n a t u r a l  v a r i a t i o n s  i n  i n d i v i d u a l  a n im a l s .  F u r t h e r ,  t h e r e  

h a s  b e e n  no u n i f o r m i t y  i n  t h e  m ethod a d o p te d  t o  p r o d u ce  b lo c k a d e ,  

and i n  m o st  c a s e s  c o n t r o l  h i s t o l o g i c a l  o b s e r v a t i o n s  have n o t - b e e n  

made t o  d e te r m in e  t h e  c o n d i t i o n  o f  t h e  c e l l s  o f  th e  r e t i o u l o -  

e n d o t h e l i a l  s y s t e m  a t  t h e  c o n c l u s i o n  o f  t h e  e z p e r im e n t s .  In  

s u o h  e x p e r im e n t s  i t  i s  e s s e n t i a l  t o  c o n t r o l  r i g o r o u s l y  a l l  th e  

f a c t o r s  w h ich  may i n t e r f e r e  w i t h  th e  norm al s t a t e  o f  t h e  a n im a l s .



In  a  p a r a l l e l  s e r i e s  o f  a n im a l s ,  th e  e f f e c t  o f  o p e r a t i v e  

i n t e r f e r e n c e  a l o n e  m ust be  c o n t r o l l e d ,  b y  t h e  i n f l i c t i o n  o f  an  

o p e r a t i o n  o f  s i m i l a r  s e v e r i t y ,  e . g .  n ep h re c to m y  t o  c o n t r o l  

s p le n e c t o m y ;  a l s o  t h e  in t r a v e n o u s  i n j e c t i o n  o f  " b lo c k a d in g "  

s u b s t a n c e s  s u c h  a s  i n d i a  in k  or  s a c c h a r a t e d  o x id e  o f  i r o n  s h o u ld  

b e  p a r a l l e l e d  by t h e  i n j e c t i o n  o f  c o r r e s p o n d in g  am ounts o f  

s u b s t a n c e s  w h ic h  a r e  known n o t  t o  be s t o r e d  i n  t h e  r e t i c u l o 

e n d o t h e l i a l  s y s t e m ,  e . g .  g l u c o s e  or  h a r m le s s  c r y s t a l l o i d s ,  

e . g .  sod ium  c h l o r i d e .  O b s e r v a t io n s  m ust a l s o  be made t o  

d e te r m in e  t h a t  t h e  amount o f  i n e r t  s u s p e n s o i d  u s e d  i s  s u f f i c i e n t  

t o  p r o d u c e  a  marked l o a d i n g  o f  t h e  r e t i c u l o - e n d o t h e l i a l  o e l l s .

In  t h e  e x p e r im e n t s  r e p o r t e d  i n  p a r t  V I  o f  t h i s  s t u d y  

I  h ave  shown t h a t  g e n e r a l i s e d  and l o c a l  v i t a l  s t a i n i n g ,  

r e t i c u l o - e n d o t h e l i a l  b lo c k a d e  and v a r i o u s  form s o f  o p e r a t i v e  

i n t e r f e r e n c e  f a i l e d  t o  p r o d u c e  an y  d e c i s i v e  e f f e c t  on t h e  

r e s i s t a n c e  o f  m ice  t o  a c u t e  pn eu m ococcus i n f e c t i o n .  I t  a p p ea r e d  

t h a t  i n t e r f e r e n c e  w i t h  t h e  norm al s t a t e  b y  any form  o f  

p r e l i m i n a r y  t r e a t m e n t  te n d e d  t o  d im in is h  t h e  a n i m a l ' s  ch a n c e  o f  

o v e r c o m in g  t h e  i n f e c t i o n ,  b u t  t h e  p e r i o d  o f  s u r v i v a l  and th e  

m o r t a l i t y  r a t e s  o f  t h o s e  i n  w h ic h  " b lo ck a d e"  a l o n e  or  " b lock ad e"  

com bin ed  w i t h  s p le n e c t o m y  had b e e n  p ro d u ced  d id  n o t  d i f f e r  

m a t e r i a l l y  from  t h o s e  i n  t h e  s e r i e s  w i t h  i n t a c t  r e t i c u l o 
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e n d o t h e l i a l  s y s t e m .  I t  a p p e a r e d  a l s o  t h a t  t h e  s t o r a g e  

c a p a c i t y  o f  t h e  r e t i c u l o - e n d o t h e l i a l  c e l l s  i n  a n im a ls  d y in g  o f  

s e p t i c a e m i a  d id  n o t  d i f f e r  s i g n i f i c a n t l y  from  t h a t  o f  norm al  

m ic e ,  a s  l o u r o s  and S e h e y e r  (1 9 2 6 )  a l s o  o b s e r v e d  i n  s t r e p t o o o c o a l  

i n f e c t i o n s .

I t  may t h e r e f o r e  be s t a t e d  t h a t  i n  t h e  p r e s e n t  s t a t e  

o f  k n o w led g e  r e g a r d i n g  t h e  r e s u l t s  o f  i n t r a v i t a m  s t a i n i n g  no 

m ethod y e t  d e v i s e d  i s  c a p a b le  o f  b r i n g i n g  a b o u t  s e l e c t i v e  

a b r o g a t i o n  o f  th e  f u n c t i o n s  o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s t e m  a s  

a  w h o le  f o r  an y  c o n s i d e r a b l e  p e r i o d .  By th e  p r e s e n t  m eth o d s ,  

" b lo c k a d e ” e v e n  when com bin ed  w i t h  s p le n e c t o m y  i s  n e v e r  c o m p le te  

and euqperiments a l o n g  s u c h  l i n e s  have h i t h e r t o  f a i l e d  t o  y i e l d  

d e c i s i v e  i n f o r m a t i o n  r e g a r d in g  t h e  r e l a t i o n  o f  t h e  r e t i c u l o 

e n d o t h e l i a l  s y s te m  t o  im m unity  p r o c e s s e s  and t h e  d e f e n c e  o f  t h e  

body g e n e r a l l y  a g a i n s t  o r g a n is m a l  i n v a s i o n .  F or  f u r t h e r  

a d v a n c e s  new m eth ods  w i l l  r e q u ir e  t o  be d e v i s e d  and k n ow led ge  

w i l l  h ave  t o  be  s o u g h t  a l o n g  l i n e s  o f  a p p ro a ch  o t h e r  th a n  t h a t  

o f  t h e  s o - c a l l e d  b lo c k a d e  o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  a s  a 

w h o le .

The e s t i m a t i o n  o f  t h e  f u n c t i o n a l  c a p a c i t y  o f  t h e  r e t i o u l o -  

e n d o t h e l i a l  s y s te m  l n t r a  v i ta m .

A tte m p ts  h ave  r e o e n t l y  b een  made t o  e s t i m a t e  t h e
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f u n c t i o n a l  s t o r a g e  c a p a c i t y  o f  th e  r e t i c u l o - e n d o t h e l i a l  s y s te m  

h y  m e a s u r in g  t h e  r a t e  o f  d i s a p p e a r a n c e  o f  v a r i o u s  s u b s t a n c e s  

in t r o d u c e d  d i r e c t l y  i n t o  t h e  b lo o d  s tr e a m . S a x l  and D onath  

(1 9 2 5 )  and A d le r  and Reimann (1 9 2 5 )  i n j e c t e d  l i p o i d  s u s p e n s i o n s ,  

co n g o  r e d ,  n e u t r a l  r e d  and o t h e r  s u b s t a n c e s  i n t r a v e n o u s l y  i n  man 

and lo w e r  a n im a ls  f o r  t h i s  p u r p o s e .  H i k o l a e f  and l i c h o m i r o f f  

(1 9 2 8 )  i n j e c t e d  co n g o  r e d  i n t o  r a b b i t s  d u r in g  im m u n isa t io n ,  

i n f e c t i o n  and a n a p h y l a c t i c  sh o ck  and c o n c lu d e d  t h a t  v a r i a t i o n s  

from  t h e  n o rm a l r a t e  o f  d i s a p p e a r a n c e  o f  t h e  dye w ere  t o  be  

i n t e r p r e t e d  a s  t h e  r e s u l t  o f  a l t e r a t i o n s  i n  t h e  a b s o r p t i v e  

c a p a c i t y  o f  th e  r e t i c u l o - e n d o t h e l i a l  c e l l s .  S in g e r  (1 9 2 5 )  i n  

s t u d i e s  on a n t h r a x  i n f e c t i o n  a l s o  c o n s id e r e d  t h a t  d e l a y  i n  t h e  

d is a p p e a r a n c e  o f  co n g o  r ed  from  th e  b lo o d  a f t e r  in t r a v e n o u s  

i n j e c t i o n  was e v id e n c e  o f  d im in i s h e d  s t o r a g e  c a p a c i t y  on t h e  p a r t  

o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  due to  s p e c i f i c  damage i n  t h i s  

i n f e c t i o n ;  h e  h a s  a l s o  n o t e d  a  s i m i l a r  d e la y  i n  norm al a n im a ls  t o  

w h ic h  i n d i a  in k  had  b e e n  a d m in i s t e r e d .  R o b er ts  (1 9 2 9 )  h a s  shown  

t h a t  t h e  r a t e  o f  d i s a p p e a r a n c e  o f  s o l u b l e  a n t i g e n  ( p r e c i p i t i n o g e n )  

from  t h e  c i r c u l a t i o n  a f t e r  in t r a v e n o u s  i n j e c t i o n  i s  a c c e l e r a t e d  

i n  b lo c k a d e d  a n i m a l s ,  and t h a t  t h i s  i s  n o t  due t o  any d e s t r u c t i v e  

p r o p e r t y  i n  t h e  i n j e c t e d  a n i m a l ' s  serum . l e i t e s  and Raibow (1 9 2 7 )  

i n j e c t e d  s a c c h a r a t e d  o x id e  o f  i r o n  i n t r a v e n o u s l y  and m easured  th e  

r a t e  o f  d i s a p p e a r a n c e  from t h e  c i r c u l a t i o n  by e s t i m a t i n g  t h e  t o t a l
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i r o n  c o n t e n t  o f  t h e  b lo o d  a t  s h o r t  i n t e r v a l s .  L a t e r  (1 9 2 8 )  

t h e y  a t t e m p te d  t o  a s s e s s  t h e  i n f l u e n c e  o f  t h e  d u c t l e s s  g la n d s  

on t h e  a c t i v i t y  o f  t h e  r e t i c u l o - e n d o t h e l i a l  s y s te m  b y  t h i s  

m eth o d , and s t a t e  t h a t  t h e  s t o r a g e  c a p a c i t y  i s  d im in i s h e d  by  

a d r e n a l i n ,  u n a f f e c t e d  b y  rem oval o f  th e  t e s t e s ,  p a r a t h y r o i d s  and  

th ym u s, and i n c r e a s e d  by i n j e c t i o n  o f  p i t u i t r i n ,  i n s u l i n  and by  

t h y r o id e c t o m y  and o v a r ie c t o m y .

The c o n c l u s i o n s  o f  t h e  a b o v e  w r i t e r s  do n o t  seem  t o  me 

t o  be  j u s t i f i e d .  I t  i s  g e n e r a l l y  a g r e e d  t h a t  c l i n i c a l  m eth ods  

o f  i n v e s t i g a t i n g  t h e  f u n c t i o n a l  c a p a c i t y  o f  i n d i v i d u a l  o rgan s  

d e m o n s tr a te  o n l y  t h e  g r o s s e s t  d e v i a t i o n s  from  n orm al ow ing t o  t h e  

w id e  m a rg in  o f  r e s e r v e  n o r m a lly  p r e s e n t .  I t  i s  d o u b t f u l  i f  t h e  

f i g u r e s  q u o te d  i n  s u p p o r t  o f  su c h  c o n c l u s i o n s  a r e  s t a t i s t i c a l l y  

s i g n i f i c a n t .  As r e g a r d s  t h e  u s e  o f  s o l u b l e  d y e s ,  many f a c t o r s  

h a v e  t o  be  c o n s i d e r e d  o t h e r  th a n  t h a t  o f  th e  s t o r a g e  c a p a c i t y  o f  

r e t i c u l o - e n d o t h e l i a l  c e l l s .  I  h ave  p o i n t e d  o u t  (p .  82 ) t h a t

t h e r e  i s  a lw a y s  a  c e r t a i n  r a p id  l o s s  o f  dye p a r t l y  ow ing  t o  

i m b i b i t i o n  i n t o  s t r u c t u r e s  w h ich  s t a i n  d i f f u s e l y ,  e . g .  e l a s t i c  

t i s s u e ,  r e d  b lo o d  c o r p u s c l e s  e t c . ,  and p a r t l y  from  t h e  p a s s a g e  o f  

dye i n t o  t h e  t i s s u e  lym p h. Any f a c t o r  i n c r e a s i n g  t h e  

p e r m e a b i l i t y  o f  t h e  g e n e r a l  b lo o d  o a p i l l a r y  e n d o th e l iu m  w i l l  

p r o d u c e  a  r a p id  a c c e l e r a t i o n  o f  th e  l o s s  o f  dye  from  th e  

c i r c u l a t i o n  ow ing  t o  more r a p id  p a s s a g e  i n t o  t h e  t i s s u e  lym ph.  

Trypan b lu e  h a s  in d e e d  b een  em ployed  b y  R a m sd e ll  (1 9 2 8 )  t o  d e t e o t
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l o o a l  v a r i a t i o n s  i n  c a p i l l a r y  p e r m e a b i l i t y  f o l l o w i n g  

s e n s i t i s a t i o n .  K u sn e tzo w sk y  (1 9 2 5 )  h a s  a l s o  shown t h a t  l o c a l  

a c t i v e  h y p er a e m ia  e x p e r i m e n t a l l y  in d u c e d  l e a d s  t o  a marked  

i n t e n s i f i c a t i o n  o f  v i t a l  s t a i n i n g  i n  t h e  a d j a c e n t  h i s t i o c y t e s  a s  

com pared w i t h  t h o s e  i n  n o n -h y p e r a e m ic  a r e a s ;  t h i s  i s  much l e s s  

p r o n o u n c ed  i n  p a s s i v e  h y p e r a e m ia .  D yes su c h  a s  n e u t r a l  r e d  a r e  

a l s o  u n s u i t a b l e  ow ing  t o  t h e i r  r a p id  r e d u c t i o n  t o  c o l o u r l e s s  

com pounds; many o f  t h e  b a s i c  d y e s  u s e d  a s  s u p r a v i t a l  s t a i n s  a r e  

t o x i c  and p r o d u ce  s e v e r e  m e t a b o l i c  d i s t u r b a n c e s  w i t h  h y p e r -  

g ly c a e m ia  (Z eck w er , 1 9 2 6 ) .  In  a d d i t i o n  t o  s t o r a g e  i n  r e t i c u l o 

e n d o t h e l i a l  c e l l s  s u c h  b a s i c  d y e s  a r e  ta k e n  up by p r a c t i c a l l y  a l l  

parenchym a c e l l s ,  e . g .  l i v e r ,  p a n c r e a s ,  and a r e  r a p i d l y  e x c r e t e d  

b y  t h e  k i d n e y s ,  s to m a ch  and b o w e l .  I t  i s  c l e a r  t h a t  t o o  many 

f a c t o r s  o t h e r  th a n  i n t r a c e l l u l a r  s t o r a g e  a r e  i n v o l v e d  f o r  su ch  

t e s t s  t o  be  s a t i s f a c t o r y .

F i n e l y  p a r t i c u l a t e  s u s p e n s io n s  a r e  s i m i l a r l y  u n s u i t e d  

t o  t h i s  p u r p o s e ,  s i n c e  t h e i r  r a t e  o f  d e p o s i t i o n  i n  t h e  o rgan s  i s  

a l s o  d e p e n d en t  on many f a c t o r s  o t h e r  th a n  i n t r a c e l l u l a r  s t o r a g e .  

As a l r e a d y  p o i n t e d  o u t  ( p .  72 ) t h e  r a t e  o f  i n j e c t i o n  and th e  

s t a b i l i t y  o f  t h e  s u s p e n s i o n  p l a y  an  im p o r ta n t  p a r t  i n  d e te r m in in g  

how lo n g  i n d i v i d u a l  p a r t i c l e s  w i l l  p e r s i s t  i n  t h e  c i r c u l a t i n g  

b l o o d .  The q u a l i t i e s  o f  s o l u t i o n s  o f  s a e c h a r a t e d  o x id e  o f  i r o n  

v a r y  c o n s i d e r a b l y  w i t h  d i f f e r e n t  s a m p le s ,  t h e  optimum p r e p a r a t io n  

fo r m in g  an o p a l e s c e n t  s u s p e n s io n  o f  v e r y  f i n e  p a r t i c l e s  w h ich
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c a n n o t  be  r e a d i l y  s e p a r a t e d  ev en  b y  t h e  c e n t r i f u g e .  A c id  

s o l u t i o n s  p r e c i p i t a t e  e a s i l y ,  a r e  f l o c c u l a t e d  b y  t h e  p la sm a  and  

so  p r o d u c e  d e a t h  from em bolism  when i n j e c t e d  i n t r a v e n o u s l y ,  w h i l e  

a l k a l i n e  s o l u t i o n s  a r e  t r a n s p a r e n t  ana f r e e  from  d i s c r e t e  

p a r t i c l e s ;  s u c h  s o l u t i o n s  a r e  ta k e n  up much more s l o w l y  b y  th e  

c e l l s .  The f a c t o r s  i n f l u e n c i n g  t h e  r a t e  o f  d e p o s i t i o n  o f  

s a c c h a r a t e d  o x id e  o f  i r o n  h ave  b een  i n v e s t i g a t e d  i n  d e t a i l  b y  

B o e r a e r - P a t a e l t  (1 9 2 3 ,  1 9 2 4 )  and b y  P f e i f f e r  and S ta n d e n a th

( 1 9 2 3 ) .  They h ave  shown t h a t  t h e  d e g r e e  o f  d i s p e r s i o n  o f  th e  

p a r t i c l e s  p l a y s  an  im p o r t a n t  p a r t ,  and t h a t  t h i s  i s  a l t e r e d  by  

a g e  on s t a n d i n g ,  b y  p r o lo n g e d  b o i l i n g ,  and a b o v e  a l l  b y  th e  

r e a c t i o n  o f  t h e  s o l u t i o n .  I t  i s  t h e r e f o r e  p r o b a b le  t h a t  su c h  

f i n e l y  d i v i d e d  s u s p e n s o i d s  may be s u s c e p t i b l e  t o  c h a n g e s  i n  th e  

p h y s i c o - c h e m i c a l  s t a t e  o f  th e  b lo o d  p la sm a ;  th u s  t h e  r a t e  o f  

d e p o s i t i o n  o f  an y  g i v e n  sam ple  o f  t h e  s u s p e n s o i d  may v a r y  

c o n s i d e r a b l y  i n  p a t h o l o g i c a l  c o n d i t i o n s  i r r e s p e c t i v e  o f  th e  

p h a g o c y t i c  a c t i v i t y  o f  t h e  c e l l s  l i n i n g  t h e  c a p i l l a r i e s .  

A c c o r d i n g l y  i t  w ou ld  a p p ea r  t h a t  th e  f a l l a c i e s  w h ich  b e s e t  su c h  

m eth od s  a r e  t o o  numerous t o  p e r m it  o f  t h e i r  u s e  a s  a  p r a c t i c a l  

m ethod o f  e s t i m a t i n g  t h e  s t a t e  o f  a c t i v i t y  o f  t h e  r e t i c u l o 

e n d o t h e l i a l  s y s te m .
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Low power p h o to m icro g rap h  o f  lymph g la n d  o f  mouse 
8 m onths a f t e r  a s e r i e s  o f  i n je c t i o n s  o f  i r o n .  139.

Mammary g la n d  o f  mouse a f t e r  a  s e r i e s  o f  i n je c t i o n s
o f  i r o n .  204.

D uodenal v i l l i  o f  mouse 30 days a f t e r  th e  f i r s t  o f
t h r e e  in tra v e n o u s  i n je c t i o n s  o f  i r o n  a t  w eek ly  i n t e r v a l s .  207.

K idney o f  r a t  a f t e r  a  s e r i e s  o f  i n je c t i o n s  o f  i r o n .  212.

Lung o f  mouse 7 h o u rs  a f t e r  i n j e c t i o n  o f  s a c c h a ra te d
o x id e  o f  i r o n  in t r a v e n o u s ly .  213.

Lung o f  mouse 7 days a f t e r  th e  l a s t  o f  th r e e
in tra v e n o u s  i n j e c t i o n s  o f  s a c c h a ra te d  o x ide  o f  i r o n .  214.

S u p ra re n a l g la n d  o f  mouse 15 days a f t e r  th e  sev en th  
in tra v e n o u s  i n j e c t i o n  o f  i r o n .  217.

Lung o f  r a b b i t  5 h o u rs  a f t e r  i n j e c t i o n  o f  in d ia  ink 
in t r a v e n o u s ly .  244.

Lung o f  mouse 7 h o u rs  a f t e r  in tr a v e n o u s  i n j e c t i o n  
o f  s a c c h a ra te d  o x id e  o f  i r o n .  245.

Lung o f  mouse 7 days a f t e r  l a s t  o f  th r e e  in tra v e n o u s  239.
i n j e c t i o n s  o f  i r o n .  246.

V i t a l l y  s ta in e d  h is tio c jrfc e s  in  th e  i n t e r s t i t i a l
t i s s u e  o f  th e  lu n g . 238.

Desquam ated r e t i c u l o - e n d o t h e l i a l  c e l l s  -239.
-  b lo o d  h i s t i o c y t e s  -  im pac ted  in  th e  lu n g  c a p i l l a r i e s .  241.

Lung o f  mouse show ing a n th r a c o s i s  by in h a la t io n  o f
s o o ty  a tm o sp h e re . 257.

Lung o f  g u in e a  p ig  3 h o u rs  a f t e r  i n t r a t r a c h e a l
i n j e c t i o n  o f  in d ia  in k . 2 6 0 .

Lung o f  g u in ea  p ig  30 h o u rs  a f t e r  i n j e c t i o n  o f  in k . 241.
261.

Lung o f  g u in e a  p ig  if-  h o u rs  a f t e r  i n t r a t r a c h e a l
i n j e c t i o n  o f  in d ia  in k , showing a  desquam ating
e p i t h e l i a l  s h e e t .  260 .

Lung o f  g u in e a  p ig  96 h o u rs  a f t e r  i n t r a t r a c h e a l
in j e c t i o n  o f  in k , showing m u lt in u c le a te d  g i a n t  c e l l s .  260.

Lung o f  g u in ea  p ig  i f  h o u rs  a f t e r  i n j e c t i o n  o f  in k ,
showing m ig ra t io n  o f  a  s e p ta l  c e l l .  261.

S u b p le u ra l  a lv e o l i  o f  g u in ea  p ig ’ s lu n g  showing
v i t a l l y  s ta in e d  a lv e o la r  p h a g o c y te s . 263.
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F i g .82 G uinea p i g ’ s lu n g  30 h o u rs  a f t e r  i n t r a t r a c h e a l
i n j e c t i o n  o f  in k , showing i n t r a - a l v e o l a r  m ig ra tio n  
o f  po lym orphs and m onocy tes.

F i g .83 Lung o f  g u in e a  p ig  24 h o u rs  a f t e r  i n t r a t r a c h e a l
i n j e c t i o n  o f  t r y p a n  b lu e .

F i g .84 Lung o f  r a b b i t  a f t e r  in tr a v e n o u s  i n j e c t i o n  o f  in d ia
in k  and i n t r a t r a c h e a l  i n j e c t i o n  o f  ca rm in e .

F i g .85 Lung o f  r a b b i t  30 h o u rs  a f t e r  in tra v e n o u s  i n je c t i o n
o f  i r o n  and  i n t r a t r a c h e a l  i n j e c t i o n  o f  d iam ine 
f a s t  s c a r l e t .

F i g .86 P e r i t o n e a l  e x u d a te  o f  g u in e a  p ig  24 h o u rs  a f t e r
i n j e c t i o n  o f  b r o th  c u l tu r e  o f  s ta p h , a u re u s .

F i g .87 P e r i t o n e a l  e x u d a te  o f  g u in ea  p ig  72 h o u rs  a f t e r  
i n j e c t i o n  o f  b r o th  c u l tu r e  o f  s ta p h , a u re u s .

F i g . 88 P e r i t o n e a l  e x u d a te  24 h o u rs  a f t e r  i n j e c t i o n  o f
s t e r i l e  b r o th ;  s u p r a v i t a l  s t a in in g  w ith  n e u t r a l  re d .

F i g .89 P e r i t o n e a l  ex u d a te  26 h o u rs  a f t e r  i n j e c t i o n  o f  b r o th ,  
and 24 h o u rs  a f t e r  l a s t  o f  a  s e r i e s  o f  subcu taneous 
i n je c t i o n s  o f  t ry p a n  b lu e .

F i g . 90 C e l ls  from  th e  p e r i t o n e a l  e x u d a te  p roduced  by b r o th
F i g . 91 in  a  mouse 21 days a f t e r  th e  l a s t  o f  4 subcu taneous
F i g . 92 i n je c t i o n s  o f  v i t a l  new re d .

(a) a i r  d r ie d  f i lm s  s ta in e d  by L eishm an’ s m ethod.
(b ) w e t f ix e d  f i lm s  s ta in e d  by  h a e m a to x y lin .

F i g . 93 F o rm atio n  o f  m acrophages in  ex u d a te  48 h o u rs  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 iam ine f a s t  s c a r l e t .

F i g . 94 P e r i to n e a l  e x u d a te  o f  r a b b i t  on e ig h th  day a f t e r  
r e p e a te d  i n t r a p e r i t o n e a l  i n je c t i o n s  o f  d iam ine 
f a s t  s c a r l e t .

F i g . 95 M acrophages from  th e  same e x u d a te  a t  h ig h e r  
m a g n if ic a t io n .

F i g .96 A p o r t io n  o f  f i g . 94 more h ig h ly  m a g n if ie d .

F i g .97 An enorm ous m acrophage and a  s e r o s a l  c e l l  from  same
e x u d a te .

F i g .98 Omentum o f  r a b b i t  a f t e r  re p e a te d  i n t r a p e r i t o n e a l
i n je c t i o n s  o f  d iam ine f a s t  s c a r l e t  o v e r a p e r io d  o f  
8 d ay s .

F i g . 99 A p o r t io n  o f  th e  same omentum a t  a h ig h e r  
m a g n if ic a t io n .

263.

270.
271.

274.
275.

261.
276.

295.
297.

297.

299.

301.

304.
305.

315.
316.

317.

317.

317.

318.

322.

323.
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F ig .  100 M e se n te ry  o f  mouse a f t e r  t h r e e  i n t r a o e r i t o n e a l
101 i n j e c t i o n s  o f  isam in e  b lu e ,  th e  l a s t  b e in g  g iv en
102 t e n  days b e fo re  d e a th .

F ig .  103 Omentum o f  g u in e a -p ig  a f t e r  s ix  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  t ry p a n  b lu e .

F ig .  104. S e ro s a l  c e l l s  from  ex u d a te  48 h o u rs  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 iam ine 
f a s t  s c a r l e t .

F ig .  105 Omental s p re a d  o f  mouse 32 days a f t e r  th e  l a s t  
o f  f o u r  i n t r a p e r i t o n e a l  i n je c t i o n s  o f  diam ine 
f a s t  s c a r l e t .

F ig .  106 P e r i to n e a l  e x u d a te  p roduced  by b r o th  in  
mouse whose omentum i s  shown in  f i g . 105.

F ig .  107 Omentum o f  mouse showing double  s ta in in g  
o f  c e l l s .

F ig .  108 C e l ls  from  t h e  m esen te ry  o f  a mouse showing 
d o u b le  s t a i n in g  b y  isam in e  b lu e  and 
d iam ine  f a s t  s c a r l e t .

P a g e .

323.

324.

321.

327.

329.

330.

330.

331.

F ig .  109 Omentum o f  c h i l d  w ith  a s c i t e s  showing th e  
fo rm a tio n  o f  s y n c y t i a l  m asses from  th e  
s e r o s a l  c e l l s . 339.



Fig. 1. Subcutaneous tissue from thigh of normal mouse: supravital staining 
w ith neutral red and janus green, each 1-40,000 in buffered saline. 

a=liistiocytes with numerous large and small neutral red granules and 
small granular mitochondria grouped around the nucleus, 

b= fibrocy tes with scanty small neutral red granules and rod-like mitochondria 
scattered in the cytoplasm and extending into the outlying processes. 

c=young histiocytes (polyblasts) with smaller and less numerous neutral red 
granules than the fu lly  developed colls. The mitochondria are chiefly 
granular.

d=lymphocyte-like cells with very scanty neutral red granules of small size, 
and granular and short stout mitochondria, 

d' = transition from lymphocyte to monocyte.
e=typical monocyte of Sabin with fine neutral red granules of more reddish 

pink colour, arranged in rosette formation, 
e = transition from monocyte to histiocyte.

Fresh preparation, x 900.



Fig. 2. Subcutaneous tissue of mouse stained by janus green 1-5000. By the use 
of a more concentrated solution of the dye the cell nuclei and protoplasm 
are demonstrated, but the mitochondria are unstained. 

a=histiocytes of irregular outline with granular cytoplasm. 
b = fibrocytes with long tapering processes and clear transparent cytoplasm. 
c=young histiocytes (polyblasts) in various stages of development.

Fresh preparation. x675.



Fig. 3. Cells from the subcutaneous tissue of mouse after intraperitoneal 
injection of trypan blue 1-200. 

histiocytes in various stages of development. The vitally stained granules 
are of varying size and shape, and often contain smaller more intensely 
stained particles.

Fresh preparation, x 900.
Fig. 4. Cells from the subcutaneous tissue of a mouse after repeated intra

peritoneal injections of trypan blue illustrating the difficulties of 
classifying cells. 

b = fibrocytes with scanty small dye granules. 
c,c'=cells of indeterminate type, the morphology of the granules being at 

variance with the other characters of the cells. 
d=cells with relatively little  dye but otherwise resembling histiocytes.

Fresh preparation, x 900.



Fig. 5. Cells from subcutaneous tissue of same mouse as fig. 4 stained supravitally 
with neutral red.

a=liistiocyte with all the trypan blue granules over-stained with noutral red. 
b=fibrocyte with numerous fine trypan blue granules with neutral red over

staining, but there are also some small granules of each dye separately. 
c=young histiocyte (polyblast) with neutral red granules but no trypan blue. 
d=histiocyte with many well-formed neutral red granules ; only a few of 

the larger granules show the presence of trypan blue. 
e=histiocyte with a few large trypan blue granules and many small neutral 

red granules. The former are scarcely tinged by the supravital stain. 
f=fibrocyte containing neutral red granules similar to those of cell e, but 

with only a few tiny blue granules almost masked by the red dye. 
m = tissue mast cell, with the uniform highly retractile granules stained with 

the neutral red.
Fresh preparation. x900.

F i g *  6 S u b c u t a n e o u s  t i s s u e  o f  r a b b i t  4 8  h o u r s  a f t e r  t h e  s e v e n t h  
i n t r a v e n o u s  i n j e o t i o n  o f  t r y p a n  b l u e .
V i t a l l y  s t a i n e d  o e l l s  a r e  e s p e c i a l l y  n u m e r o u s  a r o u n d  
t h e  s m a l l e r  b l o o d  v e s s e l s  a n d  n e r v e s ,  w h e r e  t h e y  f o r m  
a  l a r g e  p a r t  o f  t h e  a d v e n t i t i a l  o e l l 3 o



 _-------- —-__________
Fig . If. Cells from tlie mesentery of a mouse after three intraperitoneal injections 

of isamine blue, 
a= histiocytes with enormous globular deposits of vital stain. 
b=fibrocytes with dye granules of varying size, but usually fine. 
c=young histiocyte (polyblast). 
d=]ymphocyte-like cells.

Fixed in Bouin’s fluid, counterstained carbol-fuclisin. x 900.

Fig. %. Cells from the subcutaneous tissue of a mouse after three intraperitoneal 
injections of isamine blue (same animal as fig. 6). 

a= histiocytes, with rather uniform vitally stained granules of smaller size 
than those in the cells of the injected area (fig. 6). 

b=fibrocytes with very small granules. The fu ll extent of the cytoplasmic 
processes is not seen in the fixed and counterstained preparations.

Fixed in Bouin’s fluid, counterstained carbol-fucbsin. x 900.

a

e

£
F ig. Cells from the omentum of a rabbit after repeated intraperitoneal 

injections of diaminefast scarlet. 
a=histiocyte with large coarse dye granules. 
b=fibrocyte with typical fine granules.
c=cell of intermediate character, the size of the granules being characteristic 

of neither group. 
d=young histiocyte (polyblast)
e=polymorphonuclear leucocytes showing absence of vital staining.
F i x e d  i n  c o r r o s i v e  s n h l i m a t e .  c n n n t e r n t a - i n o i l  T T a r r i a S  f o n i & i i l i n .  x  100 (1.



Fig.IO. Cells from the subcutaneous tissue of a mouse stained with vital new 
red, the last injection having been given four months previously. The 
cells are difficult to classify by the morphology of their vitally stained 
granules. 

a=histiocyte. 
b = fibrocyte.
c=cells of indeterminate character.

Fresh preparation, x 900.
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Fig. 1 1. Cells from the subcutaneous tissue of a guinea-pig which after staining 
with trypan blue six months previously, had received a series of small 
doses of lithium carmine four weeks before death.

Histiocytes aud fibrocytes cannot be certainly distinguished by the character 
of their dye granules. Some cells contain only minute rhomboidal 
deposits of trypan blue, others contain only carmine. In  one cell 
shown (d) the dyes administered separately have been combined giving 
rise to irregular brownish granules, 

a= probably histiocytes. 
b=probably fibrocytes. 
c=cells of ill-defined character. 
d=liiatiocyte with combined granules of both dyes.

Fresh preparation, x 900.



10.

Fio. 1% Cells from subcutaneous tissue at the site of injection of dyestuif 
2(o-hydroxy-p-dimethylamino-anil)-6 -acetyl-amino quinoline metho- 
chloride.

a=histiocytes filled with dye crystals and granules of brownish colour 
possibly an impurity in the dye. 

b = fibrocytes with less numerous dye crystals.
Mounted in balsam, x 900.

Fig. l i .  Cells from marginal zone of site of injection of same dye as fig. 10, 
supravitally stained with neutral red 1-40,000. 

a=histiocytes with numerous neutral red granules, showing no special 
relation to the dye crystals. 

b=fibrocytes with dye crystals and less abundant neutral red granules.
Fresh preparation, x 900.



F i g s .  1 4 ,  1 5 ,  1 6 .

F r e s h  b l o o d  f i l m s  f r o m  a  r a b b i t  a f t e r  i n j e c t i o n  o f  
h a e m o l y t i o  s e r u m ,  s h o w i n g  r e t i o u l o o y t e s  s u p r a v i t a l l y  
s t a i n e d  w i t h  B r i l l i a n t  C r e s y l  B l u e .
The  i m m a t u r e  r e d  o e l l s , m a n y  o f  w h i o h  a r e  o f  i n o r e a s e d  
d i a m e t e r  e x h i b i t  a  s k e i n - l i k e  s t r u o t u r e  -  t h e  r e t i o u l u m  -  
w h e n  s t a i n e d  s u p r a v i t a l l y .  V a r i o u s  f o r m s  o f  r e t i c u l a t e d  
r e d  o e l l s  a r e  s h o w n .  ______________
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Fig. 11—Lung of mouse 7 hours after intravenous injection of a large dose of 
saccharated oxide of iron. Iron-containing leucocytes, both polymorpho- 
nuclears and monocytes, are present in the capillaries in considerable 
numbers but the capillary endothelium and the alveolar epithelium show 
no trace of iron. Prussian blue reaction : carmalum. x 600.

F i g *18  L i v e r  o f  m o u s e  o n e  h o u r  a f t e r  i n t r a v e n o u s  i n j e o t i o n  o f  
0 . 3  c . c .  o f  1 0  p e r  c e n t  s o l u t i o n  o f  s a o o h a r a t e d  o x i d e  
o f  i r o n .  T h e r e  i s  a  m a r k e d  a c c u m u l a t i o n  o f  l e u o o o y t e s  
i n  t h e  s m a l l e r  v e i n s  a n d  i n  t h e  s i n u s o i d s .  T h i s  i s  
l a r g e l y  r e s p o n s i b l e  f o r  t h e  l e u c o p e n i a  i n  t h e  p e r i p h e r a l  
b l o o d .



F i g . 1 9  L i v e r  o f  r a b b i t  a f t e r  s e v e n  i n t r a v e n o u s  i n j e c t i o n s  o f  t r y p a n  
b l u e .  T h e  K u p f f e r  c e l l s  a r e  s w o l l e n  a n d  a r e  f i l l e d  w i t h  
c o a r s e  d y e  g r a n u l e s  ;  t h e  h e p a t i o  p a r e n c h y m a  c e l l s  a l s o  

_________ c o n t a i n  l e s s  n u m e r o u s  a n d  f i n e r  d y e  g r a n u l e s # ________________
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Fig. 2o^Liver of rabbit after seven intravenous injections of trypan blue. The 
Kupffer cells are greatly swollen and contain a  large amount of dye; some 
have become free in the lumen of the sinusoids and have ontered the central 
vein. The hepatic cells contain numerous small irregular vitally stained 
granules, x 500.



F i g . 21  L i v e r  o f  m o u s e  t e n  m i n u t 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 d i a  i n k .  T h e  s i n u s o i d s  a r e  a l m o s t  o u t l i n e d  b y  o a r b o n ,
a n d  t h e r e  i s  a l r e a d y  c o n s i d e r a b l e  p h a g o c y t o s i s  b y  t h e  
K u p f f e r  c e l l s .

F i g . 22  L i v e r  o f  m o u s e  t h r e e  w e e k s  a f t e r  t h e  l a s t  o f  t h r e e  i n t r a v e n o u s  
i n j e c t i o n s  o f  i n d i a  i n k .  T h e r e  i s  e x t e n s i v e  m i g r a t i o n  o f  
i n k - l a d e n  K u p f f e r  o e l l s  ,  some  o f  w h i o h  a r e  s e e n  a r o u n d  t h e  
c e n t r a l  v e i n ,  w h i l e  o t h e r s  a r e  b e c o m i n g  f r e e  i n  t h e  l u m e n  •
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F iG .ii—Liver of mouse 5 hours after a small intravenous injection of india 
ink. The Kupffer cells in the sinusoids and some of the flattened lining 
cells are filled with granules of aggregated ink particles. One ink-storing 
monocyte is seen in the central vein, x 500.



S p l e e n  o f  g u i n e a  p i g  a f t e r  e i g h t  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  t r y p a n  b l u e .

F i g . 2 4  A c c u m u l a t i o n  o f  v i t a l l y  s t a i n e d  o e l l s  i n  t h e  i n t e r f o l l i o u l a r  
p u l p .

F i g . 25  V i t a l l y  s t a i n e d  o e l l s  i n  t h e  c e n t r a l  z o n e  o f  a  M a l p i g h i a n  b o d y .

Fig.7,6:—Spleen of guinea-pig after eight intraperitoneal injections of trypan blue. 
A venous sinusoid is shown with numerous vitally stained floating cells 
attached to the wall by long processes. The mural endotholial cells contain 
very little  dye. In  the adjacent splcon pulp the reticulum colls and somo of 
the free mononuclears of the pulp are vitally stained. Noto the coloration 
of the specific granules of the polymorphs, x 500.
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F i g . 27  S p l e e n  o f  m o u s e  t h r e e  h o u 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  
o f  a  s m a l l  d o s e  i>f i n d i a  i n k .  C a r b o n  p a r t i c l e s  a r e  
m o s t  a b u n d a n t  i n  t h e  p u l p  c e l l s  a t  t h e  p e r i p h e r y  o f  
t h e  M a l p i g h i a n  b o d i e s .

F i g . 2 8  S p l e e n  p u l p  o f  sam e  m o u s e  s h o w i n g  a  v e n o u s  s i n u s o i d  
on  s e o t i o n ;  t h e  e n d o t h e l i a l  l i n i n g  c e l l s  a r e  
c o m p l e t e l y  f r e e  f r o m  c a r b o n  g r a n u l e s .

F i g .  2 9  S p l e e n  o f  m o u s e  s i x  d a y s  a f t e r  t h e  l a s t  o f  t h r e e  i n t r a v e n o u s  
i n j e o t i o n s  o f  s a o o h a r a t e d  o x i d e  o f  i r o n ,  s h o w i n g  t h e  m a r k e d  
i n t e n s i f i c a t i o n  o f  i r o n —s t o r a g e  i m m e d i a t e l y  a r o u n d  t h e  

  M a l p i g h i a n  b o d i e s .



B o n e  m a r r o w  o f  r a b b i t  4 8  h o u r s  a f t e r  i n t r a v e n o u s  i n j e o t i o n  
o f  i n d i a  i n k ,  s h o w i n g  m a r k e d  c a r b o n  s t o r a g e  i n  t h e  e n d o t h e l i a l  
c e l l s  o f  t h e  s i n u s o i d a l  c a p i l l a r i e s .

F i g . 3 0  A p o r t i o n  o f  t h e  e p i p h y s i s .

F i g . 3 1  A t r a n s v e r s e  s e c t i o n  o f  t h e  o e l l u l a r  m a r r o w  o f  t h e  
u p p e r  p a r t  o f  t h e  f e m o r a l  s h a f t .

B o n e  m a x r o vr o f  r a b b i t  t e n  d a y s  a f t e r  i n t r a v e n o u s  i n j e o t i o n
33  o f  i n d i a  i n k .  T h e r e  i s  n o w  muoh  l e s s  c a r b o n  i n  t h e  e n d o t h e l i a l  

c e l l s ,  b u t  m u c h  m o r e  i n  t h e  r e t i c u l u m  o e l l s .  I n  a d d i t i o n  
m a n y  f r e e  r o u n d e d  h i s t i o c y t e s  -  p r o b a b l y  d e r i v e d  f r o m  
t h e  s i n u s o i d a l  e n d o t h e l i u m  -  a r e  p r e s e n t .



Fig34.—Bone-marrow of rabbit after four intravenous injections of india ink. 
The endothelial cells of the venous sinusoids and the stellate reticulum cells 
of the intersinusoidal leucoblastic tissue contain ink granules. A greatly 
swollen endothelial cell and a free blood histiocyte are shown, x 1000.



F ig s5.—Lymphatic gland of mouse 96 hours after a subcutaneous injection of 
trypan blue. A  portion of the peripheral sinus and lymph pathway to the 
medulla is shown. The endothelial cells lining the sinuses and the stellate 
floating cells which form a net across the sinus are all vita lly stained. In  
tlio sinuses there are many free macrophages; some of these contain ingested 
debris and are only poorly stained by the vital dye. There are also many 
smaller unstained mononuclears in  the sinus. The reticulum cells of the 
cortical lymph nodes are clearly demonstrated by their vita lly stained 
granules, x 500.

F ig.56.—Lymphatic gland of mouse after repeated subcutaneous injections of 
isamine blue, the last of which had been given 4 weeks before death. The 
capsule of the gland and the peripheral sinus contain numerous vita lly 
stained cells. In  the adjacent cortical lymphoid tissue there aro giant cells 
apparently formed by fusion of vita lly stained colls, x 500.



F i g . 3 7  L y m p h a t i c  g l a n d  f r o m  t h e  r e t r o p e r i t o n e a l  r e g i o n  a t  t h e  
b i f u r c a t i o n  o f  t h e  a o r t a ,  a f t e r  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  l y m p h a t i o s  o f  t h e  t a i l .  T h e  p e r i p h e r a l  s i n u s e s  
a r e  f i l l e d  w i t h  o a r b o n  p a r t i o l e s  w h i c h  a r e  b e i n g  a o t i y e l y  

  t a k e n  u p  b y  t h e  r e t i o u l o - e n d o t h e l i a l  o e l l s .



F i g . 38  A t h i n  p o r t i o n  o f  o m e n tu m  f r o m  a  n o r m a l  u n s t a i n e d  g u i n e a  p i g .

F i g . 39  A t h i n  a v a s o u l a r  p o r t i o n  o f  o m e n t u m  f r o m  a  r a b b i t  s t a i n e d  
b y  i n t r a v e n o u s  i n j e c t i o n s  o f  I n d i a  i n k  a n d  t r y p a n  b l u e .
Two a v a s o u l a r  t a c h e s  l a i t e u s e 3  a r e  sh o w n  c o n t a i n i n g  
ma ny  v i t a l l y  s t a i n e d  o e l l s .  Many o f  t h e  c e l l s  h a v e  i n g e s t e d  
b o t h  d y e  a n d  o a r b o n  p a r t i o l e s .

F i g . 40  Low p o w e r  v i e w  o f  m e s e n t e r y  o f  sa m e  a n i m a l  s h o w i n g
a c c u m u l a t i o n  o f  v i t a l l y  s t a i n e d  c e l l s  i n  t h e  p e r i v a s o u l a r  
a d v e n t i t i a l  s h e a t h s .



F i g . 41 A p o r t i o n  of  f i g .  a t  a h i g h e r  m a g n i f i c a t i o n .

F i g . 42 Omentum of  r a b b i t  s t a i n e d  by r e p e a t e d  i n t r a v e n o u s  i n j e c t i o n s  
of t r y p a n  b l u e .  Numerous v i t a l l y  s t a i n e d  h i s t i o c y t e s  are  
p r e s e n t  between t h e  m e s o t h e l l a l  l a y e r s ,  e s p e c i a l l y  around  
t h e  v e s s e l s ,  and a re  accompanied by many s m a l l e r  u n s t a i n e d  
round c e l l s .  __________________________

Fig.4A—Omentum of rabbit 48 hours after the seventh intravenous injection 
of trypan blue. A small vessel is shown with numerous vitally stained 
histiocytes around it  and in the adjacent tissue. They are of irregular shape 
with blunt expanded processes—“ trailer cells”—and there are some small 
round cells without vitally stained granules immediately beside them. The 
mesothelial cells show typical perinuclear crescents of small dye granules, 
and the fibrocytes also exhibit small deposits of the vital dye. x 500.



F i g .  44 S u p r a r e n a l  g land  of  mouse f i v e  hours  a f t e r  in t r avenous
i n j e c t i o n  of a l a r g e  dose of  I n d i a  i n k .  There i s  a heavy 
d e p o s i t  o f  oa rbon  p a r t i o l e s  on t h e  w a l l s  of t h e  s in u s o i d a l  
o a p i l l a r i e s  of  t h e  o o r t e x ;  t h i s  i s  a lmost  l ao k in g  i n  the  
m e d u l l a .

Fig.45.—Suprarenal gland fifteen days after seventh injection. Traces of iron 
are present in the glomerular zone and in the inner third of the zona 
fasciculata, but iron storage is most pronounced in the inner part of the 
zona reticularis. A few iron containing endothelial cells are present both in 
cortex and medulla, x  2 2 5 .



Fig.45—Pituitary gland of rabbit (anterior lobe) after seven intravenous injections 
of trypan blue. Some of the capillary endothelial cells contain small dye 
granules, but others are free. The large stellate cells with coarse vitally 
stained granules appear to lie not in the capillary walls, but just outside; 
they are thus perivascular histiocytes. The pituitary gland cells contain 
small vitally stained granules. x500.



Fig.41—Pancreas of guinea-pig after eight intraperitoueal injections of trypan 
blue. The endothelial cells of the capillaries contain no dye granules, the 
numerous vitally stained cells being a ll situated just outside the walls, i.e., 
perivascular histiocytes. The gland cells contain no dye granules, x 580.



F i g •  4 8  K i d n e y  d f  m o u s e  4 8  h o u r s  a f t e r  a  s e c o n d  s u b o u t a n e o u s
i n j e c t i o n  o f  t r y p a n b l u e ,  s h o v r in g  i n t e n s e  v i t a l  s t a i n i n g  
o f  t h e  r e n a l  e p i t h e l i a l  o e l l s  i n  t h e  p r o x i m a l  c o n v o l u t e d  
t u b u l e s .

Fig. 48.—Kidney of mouse 9G hours after a single subcutaneous injection of 
trypan blue. The glomerulus contains no dye granules, but the cells of the 
proximal convoluted tubules are deeply stained, x 240.



V

Fig. 50.—Skeletal muscle after repeated subcutaneous injections of isamine blue. 
The muscle substance is unstained. Numerous histiocytes are seen between 
the muscle bundles, especially in the neighbourhood of the smaller vessels, 
x 400.



F i g » 5 1  D u r a  m a t e r  o f  r a b b i t  4 8  h o u r s  a f t e r  t h e  s e v e n t h  i n t r a v e n o u s  
i n j e c t i o n  o f  t r y p a n  b l u e . .  V i t a l l y  s t a i n e d  o e l l s  a r e  
m o s t  n u m e r o u s  a l o n g  t h e  o o u r s e  o f  t h e  v e s s e l s  a n d  i n  
s m a l l  c l u s t e r s  i n  t h e  i n t e r v e n i n g  p o r t i o n s  o f  t h e  m e m br an e .  .

F i g . 52  C h o r o i d  p l e x u s  o f  sa m e  r a b b i t  s h o w i n g  v i t a l  s t a i n i n g  o f  
t h e  c o v e r i n g  e p i t h e l i u m .  A n u m b e r  o f  i n t e n s e l y  s t a i n e d  
h l s t i o o y t e s  a r e  p r e s e n t  i n  t h e  s t r o m a #

F r e .S i .  — Choroid plexus of rabbit 48 hours after the seventh intravenous 
injection of ti-ypau blue. The cubical lining cells contain numerous fine 
vitally stained granules. A few largo perivascular histiocytes are seen in 
the stroma. The nervous tissue is unstained, x 240.



F i g . 54  L i v e r  o f  m o u s e  o n e  h o u r  a f t e r  i n t r a v e n o u s  i n j e o t i o n  o f
s a o c h a r a t e d  o x i d e  o f  iron<> T h e r e  i s  m a r k e d  a o o u m u l a t i o n  
o f  l e u o o o y t e s  i n  t h e  s m a l l  v e i n s  a n d  s i n u s o i d s ,  and  
i r o n  s t o r a g e  b y  t h e  E u p f f e r  o e l l s  i s  a l r e a d y  p r o n o u n o e d .

F i g . 5 5  L i v e r  o f  m o u s e  1 4  d a y s  a f t e r  a  3 e c o n d  i n j e o t i o n  o f  s a o o h a r a t e d  
o x i d e  o f  i r o n .  Some o f  t h e  E u p f f e r  o e l l s  a r e  g r e a t l y
s w o l l e n  a n d  c o n t a i n  muc h  i n t e n s e l y  s t a i n i n g  i r o n ;  i r o n - s t o r i n g  
o e l l s  a r e  c o m m e n c i n g  t o  a c c u m u l a t e  i n  t h e  s t r o m a  a r o u n d  
t h e  p o r t a l  t r a o t s ,  a n d  r e g e n e r a t i o n  o f  n e w  E u p f f e r  o e l l s  
i s  i n  p r o g r e s s .

F i g 5 6  L i v e r  o f  m o u s e  28  d a y s  a f t e r  t h e  l a s t  o f  5 i n t r a v e n o u s
i n j e o t i o n 3  o f  s a o c h a r a t e d  o x i d e  o f  i r o n .  M a r k e d  a c c u m u l a t i o n  
o f  i r o n - s t o r i n g  p h a g o c y t e s  i n  t h e  p o r t a l  t r a o t s  a n d  i n  g m a l l  
c l u m p s  i n  t h e  s i n u s o i d s .  I r o n  s t o r a g e  i s  c o m m e n c i n g  i n  t h e  
h e p a t i c  p a r e n o h y m a  c e l l s .

F i g .  57  L i v e r  o f  m o u s e  8 m o n t h s  a f t e r  l a s t  o f  8 i n j e o t i o n s  o f  i r o n .  
A t r o p h y  o f  l i v e r  — p r o b a b l y  s e n i l e  -  w i t h  a b u n d a n t  i r o n  
s t o r a g e  i n  t h e  h e p a t i c  c e l l s  a n d  b i l e  d u o t  e p i t h e l i u m .
Many i r o n - s t o r i n g  o e l l s  a r e  s t i l l  p r e s e n t  i n  t h e  p o r t a l  t r a o t s .



F i g . 58  L i v e r  o f  m o u s e  s i x  m o n t h s  a f t e r  e i g t h  i n t r a v e n o u s  
i n j e c t i o n  o f  s a o c h a r a t e d  o x i d e  o f  i r o n -  T h e  p o r t a l  
t r a o t s  o o n t a i n  ma ny  o e l l s  h e a v i l y  l a d e n  w i t h  c o a r s e l y  
g r a n u l a r  i r o n ;  t h e  K u p f f e r  o e l l s  h a v e  b e e n  r e g e n e r a t e d  
a n d  a r e  now  a l m o s t  f r e e  f r o m  i r o n ;  t h e  h e p a t i c  c e l l s  
e s p e c i a l l y  a r o u n d  t h e  c e n t r a l  v e i n  s h o w  p r o n o u n c e d  
s t o r a g e  o f  i r o n  ,  t h e  g r a n u l e s  b e i n g  o r i e n t a t e d  a l o n g  
t h e  b i l e  c a n a l i o u l i .

FiqSI.—L iver six months after eighth injection. The portal tracts contain 
numerous iron phagocytes and iron in  granular form is abundant in the 
bile duct epithelium and in the liver cells, being heaped up along the bile 
canaliculi. Many of the nuclei contain iron-reacting bodies resembling 
plasmosomes. x 500.



F i g . 60  S p l e e n  o f  m o u s e  s i x  d a y s  a f t e r  t h e  l a s t  o f  t h r e e  i n t r a v e n o u s  
i n j e c t i o n s  o f  s a o c h a r a t e d  o x i d e  o f  i r o n .  I r o n - s t o r i n g  o e l l s  
a r e  e s p e c i a l l y  n u m e r o u s  i n  t h e  p u l p  a t  t h e  p e r i p h e r y  o f  t h e  
M a l p i g h i a n  b o d i e s ,  b u t  t h e  r e t i c u l u m  c e l l s  o f  t h e  f o l l i o l e s  
a l s o  o o n t a i n  some  i r o n .

F i g . 61 S p l e e n  o f  m o u s e  1 4  m o n t h s  a f t e r  t h e  l a s t  o f  4  i n t r a v e n o u s  
i n j e c t i o n s  o f  s a o o h a r a t e d  o x i d e  o f  i r o n .  I r o n - s t o r i n g  
c e l l s  a r e  s t i l l  n u m e r o u s  i n  t h e  i n t e r f o l l i o u l a r  p u l p  
b u t  a r e  now  m o s t  p r o m i n e n t  w i t h i n  t h e  M a l p i g h i a n  b o d i e s  
e s p e c i a l l y  a r o u n d  t h e  c e n t r a l  a r t e r i o l e .



FiG.CH.-—Lymphatic gland from axilla 
six days after fifth injection. The 
lymph in the peripheral sinuses 
gives a strong diffuse iron reaction, 
and there is iron storage in the 
reticulo-endothelial cells, x BOO.

F i g . 63  L y m p h a t i c  g l a n d  o f  m o u s e  8  m o n t h s  a f t e r  t h e  l a s t  o f  8
i n t r a v e n o u s  i n j e o t i o n s  o f  i r o n .  The  r e t i c u l o - e n d o t h e l i a l  
o e l l s  t h r o u g h o u t  t h e  g l a n d  a r e  f i l l e d  w i t h  i r o n  i n  
g r a n u l a r  f o r m .



Fig. 6 4 —Mammary gland six days 
after fifth injection. Granular iron 
is abundant in the cells lining the 
duct and related acini. The adjacent 
histiocytes also contain much iron in 
coarsely granular form, x 500.



F i g . 6 5  D u o d e n a l  v i l l i  o f  m o u s e  1 6  d a y s  a f t e r  t h e  t h i r d  i n t r a v e n o u s  
i n j e o t i o n  o f  s a o o h a r a t e d  o x i d e  o f  i r o n .  N u m er o us  f i n e  
i r o n  g r a n u l e s  a r e  p r e s e n t  n e a r  t h e  f r e e  m a r g i n  o f  t h e  
e p i t h e l i a l  o e l l s  c o v e r i n g  t h e  v i l l i .

F i g .& & — K i d n e y  o f  r a t  t e n  d a y s  a f t e r  e i g h t h  i n j e c t i o n .  M a n y  o f  t h e  t u b u l e s  
c o n t a i n  f i n e l y  g r a n u l a r  i r o n ,  a n d  a  f e w  c e l l s  w i t h  c o a r s e  g r a n u l e s  a r e  p r e s e n t  
i n  t h e  g l o m e r u l a r  t u f t s  a n d  i n  t h e  w a l l s  o f  t h e  c o r t i c a l  c a p i l l a r i e s ,  x  3 0 0 .



F i g .&T:.— L u n g  o f  m o u s e  7  h o u 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  o f  a  l a r g e  d o s e  o f  
s a o c h a r a t e d  o x i d e  o f  i r o n .  I r o n - c o n t a i n i n g  l e u c o c y t e s ,  b o t h  p o l y m o r p l i o -  
n u c l e a r s  a n d  m o n o c y t e s ,  a r e  p r e s e n t  i n  t h e  c a p i l l a r i e s  i n  c o n s i d e r a b l e  
n u m b e r s  b u t  t h e  c a p i l l a r y  e n d o t h e l i u m  a n d  t h e  a l v e o l a r  e p i t h e l i u m  s h o w  
n o  t r a c e  o f  i r o n .  P r u s s i a n  b l u e  r e a c t i o n  : c a r m a l u m .  x  6 0 0 .
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F i g 4 8 . — L u n g  o f  m o u s e  7  d a y s  a f t e r  t h e  l a s t  o f  t h r e e  i n t r a v e n o u s  i n j e c t i o n s  o f  
s a c c h a r a t e d  o x i d e  o f  i r o n  a d m i n i s t e r e d  a t  i n t e r v a l s  o f  2 4  h o u r s .  V i t a l l y  
s t a i n e d  m o n o c y t e s  a r e  n o  l o n g e r  p r e s e n t  i n  t h e  c a p i l l a r i e s ;  a  l a r g e  i r o n -  
l a d e n  b l o o d  h i s t i o c y t e  i s  s e e n  i m p a c t e d  i n  a n  i n t e r a l v e o l a r  c a p i l l a r y .  T h e  
c u b o i d a l  n u c l e a t e d  c e l l s  a n d  t h e  d u s t  c e l l s  l y i n g  i n  c o n t a c t  w i t h  t h e  a l v e o l a r  
w a l l s  s h o w  a  f a i n t  d i f f u s e  i r o n  r e a c t i o n .  P r u s s i a n  b l u e  r e a c t i o n  : c a r m a l u m .
x 600.



F i c . b 9 . — S u p r a r e n a l  g l a n d  f i f t e e n  d a y s  a f t e r  s e v e n t h  i n j e c t i o n .  T r a c e s  o f  i r o n  
a r e  p r e s e n t  i n  t h e  g l o m e r u l a r  z o n e  a n d  i n  t h e  i n n e r  t h i r d  o f  t h e  z o n a  
f a s c i c u l a t a ,  b u t  i r o n  s t o r a g e  i s  m o s t  p r o n o u n c e d  i n  t h e  i n n e r  p a r t  o f  t h e  
z o n a  r e t i c u l a r i s .  A  f e w  i r o n  c o n t a i n i n g  e n d o t h e l i a l  c e l l s  a r o  p r e s o n t  b o t h  i n  
c o r t e x  a n d  m e d u l l a ,  x  2 2 5 .



?  ' ,  ? g  ° f  r .a b b l t  5  b o u 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  o f  i n d i a  i n k  a n d  
i n t r a t r a c h e a l  i n j e c t i o n  o f  c a r m i n e  s u s p e n s i o n .  A  f e w  i n k - s t o r i n g  m o n o c y t e s  
a r e  p r e s e n t  i n  t h e  c a p i l l a r i e s  ;  t h o r e  i s  s o m e  p r e c i p i t a t i o n  o f  i n k  o n  t h e  

 e n d o t h e l i a l  c e l l s  b u t  n o  d e f i n i t e  p h a g o c y t o s i s .
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F r e n i . — L u n g  o f  m o u s e  7  h o u 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  o f  a  l a r g e  d o s e  o f  
s a c c h a r a t e d  o x i d e  o f  i r o n .  I r o n - c o n t a i n i n g  l e u c o c y t e s ,  b o t h  p o l y m o r p h o -  
n u c l e a r s  a n d  m o n o c y t e s ,  a r e  p r e s e n t  i n  t h e  c a p i l l a r i e s  i n  c o n s i d e r a b l e  
n u m b e r s  b u t  t h e  c a p i l l a r y  e n d o t h e l i u m  a n d  t h e  a l v e o l a r  e p i t h e l i u m  s h o w  
n o  t r a c e  o f  i r o n .  P r u s s i a n  b l u e  r e a c t i o n  : c a r m a l u m .  x  6 0 0 .
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F i G r i 2 . — L u n g  o f  m o u s e  7  d a y s  a f t e r  t h e  l a s t  o f  t h r e e  i n t r a v e n o u s  i n j e c t i o n s  o f  
s a c c h a r a t e d  o x i d e  o f  i r o n  a d m i n i s t e r e d  a t  i n t e r v a l s  o f  2 4  h o u r s .  V i t a l l y  
s t a i n e d  m o n o c y t e s  a r e  n o  l o n g e r  p r e s e n t  i n  t h e  c a p i l l a r i e s ;  a  l a r g o  i r o n 
l a d e n  b l o o d  h i s t i o c y t e  i s  s e e n  i m p a c t e d  i n  a n  i n t e r a l v e o l a r  c a p i l l a r y .  T h e  
c u b o i d a l  n u c l e a t e d  c e l l s  a n d  t h e  d u s t  c e l l s  l y i n g  i n  c o n t a c t  w i t h  t h e  a l v e o l a r  
w a l l s  s h o w  a  f a i n t  d i f f u s e  i r o n  r e a c t i o n .  P r u s s i a n  b l u e  r e a c t i o n :  c a r m a l u m .  
x  6 0 0 .
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1. An interlobular septum
is shown with many vitally stained histiocytes in the interstitial tissue;
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Fig: . :  “14.—Lung of guinea-pig stained by repeated intraperitoneal injections
of trypan blue, showing dye-laden blood histiocytes impacted in the 
capillaries. The alveolar epithelium contains only traces of dye, but the 
granules of the polymorphonuclear leucocytes are stained. Carmalum. 
x 600.
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FioriO.—Lung of mouse vitally stained by repeated subcutaneous injections of 
trypan blue, killed 5 days after the first of a series of exposures to a smoky 
atmosphere producing experimental anthracosis. An interlobular septum 
is shown with many vitally stained histiocytes in the interstitial tissue; 
these tako no part in the phagocytic reaction in the alveoli. Numerous 
fully formed alveolar phagocytes are present, and others are seen in process 
of development from the lining cells. There is still some extracellular soot 
on the alveolar walls. Carmalum. x 600.



Fig."14—Lung of guinea-pig 3 hours after an intratracheal injection of ink, 
showing the rapid mobilisation of phagocytes by desquamation of the 
flattened nucleated cells of the alveolar lining. Many of these show traces 
of trypan blue in addition to the ingested ink particles. Some of the 
cuboidal cells show increased swelling and vacuolation, but are not vitally 
stained. Carmalum. x 600.
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FiG.Tt—Lung of guinea-pig 30 hours after an intratracheal injection of ink. A 
larger quantity of ink than usual has penetrated into this alveolus, and 
the exudate consists of many large epithelial phagocytes, together with 
polymorphs and monocytes. The exudate cells show a slight degree of 
vital staining. Carmalum. xCOO.



F ig. 18—Lung of guinea-pig l j  hours after an intratracheal injection of ink. 
Two multinucleated cells are seen, apparently produced by detachment of 
small sheets of epithelium. They arc still attached to tho walls by dclicato 
processes, and show fine stippling with ink granules and traces of vital 
staining. Individual flattened cells with ingested ink particles are also seen 
in the process of detachment. Carmalum. x450.

Fig. “iq.—Lung of guinea-pig 96 hours after intratracheal injection of ink. 
Subpleural alveoli showing numerous vitally stained phagocytic cells and 
two multinucleated giant cells. Carmalum. x 450.



F ig80. —Lung of guinea-pig 1 j  hours after an intratracheal injection of india 
ink. The corner of an alveolus showing a cuboidal nucleated cell migrating 
through the lining into the air space. Carmalum. x 600.
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FlG.gL—Lung of guinea-pig 96 hours after an intratracheal injection of ink. 
Tangential section of corner of subpleural alveolus, showing three largo 
ink-storing phagocytes which are also heavily vitally stained. Carmalum.
x 600.



F ig.88,—Lung of guinea-pig 30 hours after an intratracheal injection of ink. A 
larger quantity of ink than usual has penetrated into this alveolus, and 
the exudate consists of many large epithelial phagocytes, together with 
polymorphs and monocytes. The exudate cells show a slight degree of 
vital staining. Carmalum. x600.



Fig. SS^-Lung of guinoa-pig stained with vital new red; 24 hours after intra
tracheal injection of trypan blue. Many rounded free phagocytes of the 
usual type, deeply stained by trypan blue. A few polymorphs and monocytes 
are present and the latter show commencing dye storage. Two cuboidal cells 
are seen in  situ showing vital staining of slight degree. Carmalum. x 450.



Fig. 9%—Lung of rabbit 5 Lours after intravenous injection of india ink and 
intratracheal injection of carmine suspension. A few ink-storing monocytes 
are present in the capillaries; thoro is some precipitation of ink on the 
endothelial cells but no definite phagocytosis. In the alveoli largo mono
nuclear phagocytes with ingested carmine granules but no ink; sovcral 
polymorphs and an ink-storing monocyte are also present but the latter has 
not taken up any carmine. Htematoxylin and eosin. x 450.
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Fig. 35.— Lung of rabbit 30 hours after intravenous injection of saccharated 
oxide of iron and intratracheal injection of diaminefast scarlet. The alveoli 
contain several large dye-storing phagocytes; one dye-containing epithelial 
cell is seen in  situ, but the other epithelial cells many'of which are greatly 
swollen and vacuolated show no dye. None of these cells exhibits any trace 
of iron, but a few iron-bearing leucocytes are still present in the blood vessels. 
Hsematoxyl in. x 450.



F i g . 86 P e r i t o n e a l  e x u d a t e  o f  g u i n e a  p i g  24  h o u r s  a f t e r  i n j e o t i o n
o f  1  o . o .  o f  a  24  h o u r  b r o t h  o u l t u r e  o f  S t a p h y l o o o o o u s  A u r e u s .  
M o s t  o f  t h e  e x u d a t e  o e l l s  a r e  p o l y m o r p h o n u o l e a r  l e u o o o y t e s ;
a  f e w  y o u n g  n o n o n u o l e a r s  m o n o c y t e -  and  y o u n g  m a o r o p h a g e -
f o r m 3  —  a r e  a l s o  s e e n .

F i g . 87  P e r i t o n e a l  e x u d a t e  o f  g i i i n d a  p i g  7 2  h o u r s  a f t e r  s i m i l a r  
i n j e o t i o n  o f  l i v i n g  s t a p h y l o o o o c i ,  s h o w i n g  r e s o l u t i o n .  
N u m e r o u s  h i g h l y  p h a g o o y t i o  m a o r o p h a g e s  w i t h  i n g e s t e d  r e d  
o e l l s  a n d  n u o l e a r  r e m a i n s  a r e  s h o w n .  __



s .t

F i g . 8 8  C e l l s  f r o m  t h e  p e r i t o n e a l  e x u d a t e  o f  a  m o u se  24  h o u r s
a f t e r  i n j e o t i o n  o f  b r o t h .  S u p r a v i t a l  s t a i n i n g  w i t h  n e u t r a l  r e d .

S t a g e s  i n  t h e  f o r m a t i o n  o f  m a o r o p h a g e s  f r o m  l y m p h o o y t e s .

a )  l y m p h o o y t e s  w i t h  o n l y  a  f e w  t i n y  n e u t r a l  r e d  g r a n u l e s .
) l y m p h o o y t e s  d e v e l o p i n g  d i r e c t l y  i n t o  m a o r o p h a g e s .

b )  m o n o o y t e s  w i t h  d e f i n i t e  " r o s e t t e s "  o f  n e u t r a l  r e d  g r a n u l e s ,  
b ' )  m o n o o y t e s  d e v e l o p i n g  i n t o  m a o r o p h a g e s .
o )  m a o r o p h a g e s  w i t h  a b u n d a n t  n e u t r a l  r e d  g r a n u l e s  i r r e g u l a r l y  

a r r a n g e d .
( d )  d e s q u a m a t e d  s e r o s a l  o e l l s  w i t h  s o a n t y  n e u t r a l  r e d  g r a n u l e s  

a n d  a  f e w  h i g h l y  r e f r a o t i l e  d r o p l e t s .

F r e s h  p r e p a r a t i o n  p r e p a r e d  b y  t h e  d r y  d y e  f i l m  m e t h o d ;  x  9 0 0 .



J i g .  89  C e l l s  f r o m  t h e  p e r i t o n e a l  e x u d a t e  o f  a  m o u se  26  h o u r s  a f t e r  
i n j e o t i o n  o f  b r o t h  a n d  2 4  h o u r s  a f t e r  t h e  l a s t  o f  t h r e e  
s u b o u t a n e o u s  i n j e o t i o n s  o f  t r y p a n  b l u e .

T h e  o e l l s  a r e  o f  s i m i l a r  t y p e s  t o  t h o s e  shown i n  f i g .  
b u t  t h e i r  s e g r e g a t i o n  a p p a r a t u s  i s  f a i n t l y  o o l o u r e d  
w i t h  t h e  t r y p a n  b l u e .

F i x a t i o n  i n  S U S A. ,  c o u n t e r s t a i n e d  w i t h  c a r b o l f u o h s i n ;  x  9 0 0 .
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F i g . 90 

F i g . 91 

F i g . 92

C e l l s  f r o m  t h e  p e r i t o n e a l  e x u d a t e  p r o d u o e d  b y  b r o t h  i n  a 
m o u se  21 d a y s  a f t e r  t h e  l a s t  o f  4  3 u b o u t a n e o u s  i n j e c t i o n s  
o f  v i t a l  n e w  r e d .

a  a  a i r  d r i e d  f i l m  s t a i n e d  by  L e i s h m a n ' s  m e t h o d ,  
b  _  f i l m  f i x e d  w e t  i n  o o r r o s i v e  s u b l i m a t e ,  s t a i n e d  

by  a l u m - h a e m a t o x y l i n .

e x u d a t e  a f t e r  t e n  h o u r s .

e x u d a t e  a f t e r  t h i r t y  h o u r s .

e x u d a t e  a f t e r  f i f t y  f o u r  h o u r s .  x  900



F i g * 93 C e l l s  f r o m  t h e  p e r i t o n e a l  e x u d a t e  48  h o u r s  a f t e r  i n j e o t i o n  
o f  d i a m i n e  f a s t  s o a r l e t .

F o r m a t i o n  o f  v i t a l l y  s t a i n e d  m a o r o p h a g e s  by  d e v e l o p m e n t  
o f  s m a l l  u n s t a i n e d  c e l l s .

a  l y m p h o o y t e s  d e v o i d  o f  s t a i n e d  g r a n u l e s ,  
b  m o n o c y t e s  w i t h  s t a i n e d  g r a n u l e s  a r r a n g e d  i n  r o s e t t e s ,  
o  m a o r o p h a g e s  w i t h  v e r y  man y  s t a i n e d  g r a n u l e s  a l m o s t  f i l l i n g  

t h e  e n t i r e  c y t o p l a s m .
( o ' )  m a o r o p h a g e s  w i t h  e n o r m o u s  v a o u o l e s ,  some w i t h  m a s s e s  o f

d y e  i n  t h e i r  i n t e r i o r ,  o t h e r s  w i t h  t h e  dy e  g r a n u l e s  a d h e r i n g  
t o  t h e i r  w a l l s .

F i x e d  i n  B o u i n ' s  f l u i d ,  o o u n t e r s t a i n e d  w i t h  h a e m a t o x y l i n .  x  900



F i g . 9 4  P e r i t o n e a l  e x u d a t e  o f  r a b b i t  o n  t h e  8 t h  d a y , a f t e r  r e p e a t e d  
i n t r a p e r i t o n e a l  i n j e o t i o n s  o f  d i a m i n e  f a s t  s o a r l e t .
A n u m b e r  o f  i n t e n s e l y  s t a i n e d  m a c r o p h a g e s  a n d  a  f e w  s m a l l  
u n s t a i n e d  o e l l s  a r e  s e e n  t o g e t h e r  w i t h  a  g r o u p  o f  s e r o s a l  
o e l l s  w i t h  r e l a t i v e l y  s o a n t y  d y e  g r a n u l e s .

F i g . 9 5  A g r o u p  o f  i n t e n s e l y  s t a i n e d  m a o r o p h a g e s  f r o m  t h e  sa m e  e x u d a t e .

F i g . 96  A p o r t i o n  o f  t h e  f i e l d  s h o w n  i n  f i g .  a t  a  h i g h e r  m a g n i f i o a t i o n .

F i g . 97  An e n o r m o u s  p h a g o o y t i o  v i t a l l y  s t a i n e d  m a o r o p h a g e ,  a n d  a  
d e s q u a m a t e d  s e r o s a l  c e l l  w i t h  s o a n t y  d y e  g r a n u l e s .



F i g . 98 Omentum of  r a b b i t  a f t e r  r e p e a t e d  i n t r a p e r i t o n e a l  i n j e o t i o n s  
of d iam in e  f a s t  s o a r l e t  over  a p e r i o d  of  8 d a y s .
Note t h e  enormous a c c u m u la t io n  of  i n t e n s e l y  s t a i n e d  
maorophages t o g e t h e r  7r ith many s m a l l e r  u n s t a i n e d  c e l l s .

F i g . 99 High power v i ew  of  same omentum, showing v a r i o u s  t y p e s  of
v i t a l l y  s t a i n e d  o e l l s .  Polymorphs ; Maorophages w i th  many 
o o a r s e  i r r e g u l a r  s t a i n e d  g r a n u l e s ;  s m a l l e r  mononuolear  o e l l s  
i n  p r o o e s s  of  deve lopment  i n t o  maorophages;  m e s o t h e l i a l  o e l l s  
w i t h  f i n e  v i t a l l y  s t a i n e d  g r a n u l e s  forming p e r i n u o l e a r  o r e s o e n t s ;  
f i b r o o y t e s  w i t h  s i m i l a r  g r a n u l e s  more s o a t t e r e d  i n  t h e  
oy top la sm  and e x t e n d i n g  i n t o  t h e  l o n g  p r o o e s s e s .



F i g s .  l o o  M esen te ry  of  mouse a f t e r  t h r e e  i n t r a p e r i t o n e a l  i n j e o t i o n s
101 of  i s a m in e  b l u e ,  t h e  l a s t  b e in g  g i v e n  10 days  p r e v i o u s l y .
102 The m e s e n t e r y  o o n t a i n s  an enormous number of  i n t e n s e l y  

s t a i n e d  m aorophages ,  which a t  t h e  h i g h e r  m a g n i f i c a t i o n s  
can be d i s t i n g u i s h e d  from t h e  f i b r o o y t e s  by t h e  o h a r a o t e r  
of  t h e  g r a n u l e s .  The m e s o t h e l i a l  o e l l s  a re  n o t  s h a r p l y
i n  f o c u s  owing t o  t h e  t h i o k n e s s  of  t h e  s p re a d  p r e p a r a t i o n .



F i g  3.03 A t h i n  f e n e s t r a t e d  p o r t i o n  a n d  a  s h e e t  o f  o m e n t u m  f r o m  
a  g u i n e a  p i g  a f t e r  s i x  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  
t r y p a n  b l u e .  T h e  s e r o s a l  o e l l s  e x h i b i t  p r o n o u n o e d  
a c c u m u l a t i o n  o f  d y e  g r a n u l e s  g e n e r a l l y  i n  t h e  f o r m  o f  a 
p e r i n u c l e a r  o r e s c e n t .  A f e w  h i s t i o o y t e s  a n d  f i b r o c y t e s  
a r e  a l s o  s h o w n ;  b o t h  c o n t a i n  n u m e r o u s  d y e  g r a n u l e s .

F i x e d  i n  f o r m o l - s a l i n e ,  c o u n t e r s t a i n e d  w i t h  c a r m a l u m . x  4 0 0 .

w

F i g . 1 0 4

U )

S e r o s a l  c e l l s  f r o m  p e r i t o n e a l  e x u d a t e  4 8  h o u r s  a f t e r  
i n j e c t i o n  o f  d i a m i n e  f a s t  s c a r l e t .

a  s m a l l  s h e e t  o f  d e s q u a m a t e d  s e r o s a l  c e l l s ,  o n e  o f  w h i o h  i s  
i n  m i t o s i s .

d ’ ) a  b i n u o l e a t e d  s e r o s a l  o e l l  f r e e  i n  t h e  e x u d a t e ,  
e )  t h e  f o r m a t i o n  o f  s m a l l  m u l b e r r y —l i k e  m a s s e s  f r o m  t h e  a d h e s i o n  

o f  s e r o s a l  o e l l s  t o  m a s s e s  o f  p r e c i p i t a t e d  d y e .  Some o f  
t h e  m e s o t h e l i a l  c e l l s  a r e  m o r e  i n t e n s e l y  s t a i n e d  t h a n  u s u a l .

F i x e d  i n  B o u i n ' s  f l u i d ,  c o u n t e r s t a i n e d  w i t h  h a e m a t o x y l i n . x  9 0 0

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



F i g . 105

F i x e d  i n

F i g . 1 0 6

F i x e d  i n

O m e n t a l  s p r e a d  o f  m o u s e  3 2  d a y s  a f t e r  t h e  l a s t  o f  4  
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  d i a m i n e  f a s t  s c a r l e t .  
N u m e r o u s  l a r g e  v i t a l l y  s t a i n e d  c e l l s  i n  c l u s t e r s  a r o u n d  
t h e  v e s s e l s  a n d  i n  t h e  i n t e r v e n i n g  a v a s o u l a r  p o r t i o n s ,  
a c c o m p a n i e d  b y  m a n y  s m a l l  u n s t a i n e d  c e l l s .  B r o t h  w a s  
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  96  h o u r s  b e f o r e  d e a t h ,  a n d  t h e  
e x u d a t e  w a s  e x a m i n e d  a t  i n t e r v a l s  ( s e e f f g . 106 ) .

Bonin*a f l u i d ,  o o u n te r s t a in e d  w ith  alum-hacmatoxyl i n .

#  f  #  %

4 9  $  ...f %

f e  ««6

C e l l s  f r o m  t h e  p e r i t o n e a l  e x u d a t e  p r o d u o e d  i n  3 6  h o u r s  
b y  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  b r o t h  i n t o  a  m o u s e  
p r e v i o u s l y ,  s t a i in sd  b y  i n t r a p e r i t o n e a l  i n j e o t i o n s  o f  d y e  
( s e e  f i g . I0i '  } .
T h e  m a j o r i t y  o f  t h e  c e l l s  a r e  u n s t a i n e d  m o n o n u o l e a r s ; 
o n l y  a  f e w  v i t a l l y  s t a i n e d  o e l l s  a r e  f r e e  i n  t h e  e x u d a t e  
i n  s p i t e  o f  t h e  l a r g e  n u m b e r  o f  s u c h  o e l l s  i n  t h e  t i s s u e s .

B o u i n ’ s f l u i d ,  c o u n t  e r s t a i n e d  w i t h  a l u m - h a e m a t o x y l i n .  x  900
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F i g . 1 0 7  O m en tu m  o f  m o u s e  4 8  h o u r 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 o t i o n  
o f  d i a m i n e  f a s t  s o a r l e t ,  t h e  a n i m a l  h a v i n g  r e c e i v e d  21 
d a y s  p r e v i o u s l y  a n  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  a  d a r k  b l u e  
s u l p h o n a t e d  d i s a z o  s t y r y l  q u i n o l i n e  d y e .

N u m e r o u s  o e l l s  w i t h  g r a n u l e s  o f  t h e  f i r s t  a d m i n i s t e r e d  
d y e ;  some  h a v e  s t o r e d  a l s o  t h e  s e c o n d  d y e ,  a n d  i n  a d d i t i o n  
t h e r e  a r e  m a n y  m a o r o p h a g e s  c o n t a i n i n g  o n l y  t h e  d i a m i n e  
f a s t  s o a r l e t .  I n  t h e  e x u d a t e  p r o d u c e d  b y  t h e  l a t t e r  
b l u e - s t a i n e d  c e l l s  w e r e  p r a o t i c a l l y  a b s e n t  a t  a l l  s t a g e s .

F i x e d  i n " s  U S A - ' ,  c o u n t e r s t a i n e d  w i t h  a l u m - h a e m a t o x y l i n ,  x  4 0 0 .

>«•*
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Fig. 10?. Cells from the mesentery of a mouse which had received an intra
peritoneal injection of isamine blue one month previously; this was 
followed three weeks later by an intraperitoneal injection of diaminefast 
scarlet. A ll the cells shown are histiocytes; some contain only isamine 
blue, others only diaminefast scarlet, while some contain both dyes in 
varying proportion.

Mounted in balsam, x 900.
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F i g . 109 O m e n t a l  n e t  f r o m  a  o h i l d  w i t h  a s c i t e s  f o l l o w i n g  r h e u m a t i c
c a r d i a o  d i s e a s e .  T h e  m e s o t h e l i a l  o e l l s  a r e  g r e a t l y  
s w o l l e n  a n d  f o r m  s y n c y t i a l  m a s s e s  on  t h e  o m e n t a l  t r a b e c u l a e .

F i x e d  i n  Z e n k e r - f o r m o l ,  s t a i n e d  w i t h  h a e m a t o x y l i n - e o s i n - a z u r .
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P l a t e  57.


