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SUMMARY

S y s te m ic  lu p u s  e r y th e m a t o s u s  'S L E ) i s  p r i m a r i l y  a  d i s e a s e  

a f fe c t in g  th e  c o n n ec t iv e  t i s s u e s  of the  m a n y  o r g a n s  of th e  body.

I t  i s  a s s o c i a t e d  w ith  th e  p ro d u c t io n  of a w ide s p e c t r u m  of 

a u to a n t ib o d ie s ,  w h ich , w ith  one e x c e p t io n ,  h a v e  no  d e fined  

p a th o g e n e t ic  ro le .  T h e  one ex ce p t io n  is  an tib o d y  to  

d e o x y r ib o n u c le ic  a c id  (DNA), w hich  c o m p le x e s  w ith  DNA in the  

c i r c u la t in g  b lood , an d  the  r e s u l t a n t  c o m p le x e s  a r e  d e p o s i te d  in 

th e  r e n a l  g lo m e ru l i ,  w h e re  th e y  a r e  r e s p o n s ib le  f o r  the  ind u c tio n  

o f g lo m e r u lo n e p h r i t i s .  F o r  m a n y  y e a r s  r e s e a r c h  on S L E  w as  

h a m p e r e d  by  la c k  of a su i ta b le  l a b o r a t o r y  m o d e l .  T h e  d i s c o v e r y  

th a t  N ew  Z e a la n d  B la ck  (NZB) and  th e  F I  h y b r id  p ro g e n y  (NZB x 

NZW  F I ;  B W F j)  r e s u l t in g  f r o m  c r o s s in g  N ZB  w ith  N ew  Z e a la n d  

W hite  ^NZW) m ic e  d ev e lo p  an  a u to im m u n e  d i s e a s e  c lo s e ly  

m im ic k in g  S L E , h a s  s in c e  s t im u la te d  c o n s id e r a b le  r e s e a r c h  

in to  th e  p a th o g e n e s i s  of the  d i s e a s e .  N u m e ro u s  im m u n o lo g ic a l  

p e c u l i a r i t i e s  h av e  b e en  shown to  be  p r e s e n t  in th e s e  m ic e ,  y e t  

no  c o m p le te ly  s a t i s f a c t o r y  e x p lan a t io n  f o r  t h e i r  o c c u r r e n c e  h a s  

b e e n  p ro p o s e d .  P h a g o c y to s i s  and  th e  p r o c e s s in g  of a n t ig e n  by 

m a c r o p h a g e s  h a v e  b e en  shown to  be  im p o r ta n t  e v e n ts  in the  

in i t ia t io n  of im m u n e  r e s p o n s e s .  In  th is  t h e s i s  I d e s c r i b e  s tu d ie s



of the  e a r l y  e v e n ts  of the  im m u n e  r e s p o n s e  in NZ m ic e  in o r d e r  

to  e v a lu a te  t h e i r  im p o r ta n c e ,  i f  any, in the  p ro d u c t io n  of the  

im m u n o lo g ic a l  p e c u l i a r i t i e s  know n to  o c c u r  in  th e s e  s t r a i n s  of 

m ic e .

An in i t i a l  s tu d y  of the  d e v e lo p m e n t  of the  t im e  of o n s e t  of 

a u to im m u n e  d i s e a s e  in  o u r  m o u s e  c o lo n ie s  w as  u n d e r ta k e n  in 

o r d e r  to  c o m p a r e  o u r  m ic e  w ith  th o s e  p r e v io u s ly  r e p o r t e d  f r o m  

o th e r  c e n t r e s .  T he  r e s u l t s  sho w ed  th a t  a l th o u g h  m in o r  

d i f f e r e n c e s  cou ld  be d e te c te d  th e  m ic e  in  the  m a in  b e h a v e d  

v e r y  s i m i l a r l y  to  th o s e  p r e v io u s ly  r e p o r te d .

S tu d ie s  of th e  iri v ivo  p h a g o c y to s is  of c o l lo id a l  c a rb o n  by the  

f ix ed  m a c r o p h a g e s  of the  l i v e r  and  sp le e n  and  th e  p e r i to n e a l  

m a c r o p h a g e s  w e r e  u n d e r ta k e n .  C a r b o n  w as  re m o v e d  f r o m  the  

b lo o d  m o r e  s lo w ly  by N Z B  than  o th e r  m ic e ,  bu t w hen c o r r e c t i o n  

w a s  m a d e  f o r  l i v e r  an d  sp le e n  w e ig h t  in  r e la t io n  to to ta l  body 

w e ig h t ,  p h a g o c y to s is  w as  found to be  n o r m a l .  P e r i t o n e a l
N.

c e l l u l a r  r e s p o n s e s  to  c a rb o n ,  and  i t s  p h a g o c y to s is  an d  s u b se q u e n t  

t i s s u e  lo c a l i s a t io n ,  w e r e  n o r m a l .  T he  p h a g o c y to s is  and  

su b se q u e n t  i n t r a c e l l u l a r  k i l l in g  of S ta p h y lo c o c cu s  a u r e u s  by  the  

p e r i t o n e a l  m a c r o p h a g e s  o f  NZ m ic e  w as  m e a s u r e d  and  found to 

b e  n o r m a l  in  a s u p r a v i t a l  s y s te m .  S e ru m  f a c to r s  d id  n o t a p p e a r  

to  a f fe c t  th e  r a t e  of p h a g o c y to s is  o r  k i l l in g  of b a c t e r i a .



As N Z B  and  BWF  ̂ m ic e  h a v e  b e en  shown to  p ro d u c e  h e ig h te n e d  

im m u n e  r e s p o n s e s  to  the  so lu b le  p r o te in  a n t ig e n s ,  b ov ine  g a m m a  

g lobu lin  (BGG) an d  bo v in e  s e r u m  a lb u m in  (BSA), and  h av e  a ls o  

b e e n  shown to be  r e l a t i v e ly  r e s i s t a n t  to the  in d u c tio n  of both  h igh  

a n d  low  zone  to l e r a n c e  to  th e s e  a n t ig e n s ,  it  w as  d e c id e d  to  s tudy  

th e  r a t e s  of n c n - im m u n e  e l im in a t io n  of th e s e  a n t ig e n s .  N ew  

Z e a la n d  m ic e  w e r e  found to  h av e  f a s t e r  r a t e s  of c a ta b o l i s m  than  

c o n t r o l  s t r a i n s  of m ic e ,  bu t a s tu d y  of the  a n t ib o d y  r e s p o n s e s  in 

t h e s e  m i c e  show ed  th a t  t h e r e  w a s  no r e la t io n s h ip  b e tw ee n  a n t ig e n  

e l im in a t io n  r a t e  an d  th e  t i t  r e  o r  a f f in i ty  of the  an tib o d y  su b se q u e n t ly  

p ro d u c e d .  H o w ev e r ,  i t  w as  found th a t  the  t im e  of o n s e t  of 

im m u n e  e l im in a t io n ,  in d ic a t in g  p ro d u c t io n  of an tibody , w a s  e a r l i e r  

in  th o s e  m ic e  hav in g  ra p id  r a t e s  of an t ig e n  n c n - im m u n e  e l im in a t io n .  

A new  m e th o d  of s tudy ing  th y ro x in e  s e c r e t io n  r a t e s  in m ic e  (b a sed  

on " th e  O c c u p a n c y  P r i n c i p l e " )  w a s  d e v ise d ,  an d  a s tudy  of 

e n d o g en o u s  th y ro x in e  s e c r e t io n  r a t e s  w as  u n d e r ta k e n  in  o r d e r  to 

in v e s t ig a te  the  p o s s ib le  ro le  of th y ro x in e  m e ta b o l i s m  in r e la t io n  

to  BGG e l im in a t io n  r a t e s .  No c o r r e l a t i o n  w a s  d e m o n s t r a t e d  in 

th e  s t r a i n s  of m ic e  s tu d ied .  T h u s  i n t e r s t r a i n  v a r i a t io n s  in n o n -  

im m u n e  an tig en  e l im in a t io n  p r o b a b ly  r e s u l t  f r o m  d i f f e r e n c e s  in 

m a c r o p h a g e  fun c tio n ,  a l th o u g h  th e  a c t io n  of n a tu r a l l y  o c c u r r in g  

a d ju v a n ts  can n o t  be  ex c lu d e d  a s  a d ju v a n ts  h a v e  a ls o  b e en  shown



to a c c e l e r a t e  n o n - im m u n e  a n t ig e n  e l im in a t io n .

32 ,F in a l l y  u s in g  K. co li  DNA la b e l le d  w ith  p hos  pho r u s - 3 2  ( P ) ,

a s tu d y  of DNA c a ta b o l i s m  in N ew  Z e a la n d  m ic e  w as  u n d e r ta k e n  

to in v e s t ig a te  th e  p o s s ib i l i t y  th a t  a b n o r m a l i t i e s  of DNA c a ta b o l i s m  

m ig h t  b e  r e s p o n s ib le  f o r  the  p ro d u c t io n  of DNA a n t ib o d ie s ,  w hich  

a r e  known to  o c c u r  sp o n ta n e o u s ly  in  t h e s e  m ic e .  N ZB  m ic e  

re m o v e d  DNA m o r e  s lo w ly  f r o m  the  b lood  than  o th e r  s t r a i n s  of 

m ic e ,  bu t  un like  the  s low  c l e a r a n c e  of c o l lo id a l  c a rb o n ,  the  s low  

r a t e  of DNA c l e a r a n c e  w a s  n o t  found to be  due to  the  s m a l l  s iz e  

of l i v e r  an d  sp lee n .

I t  w as  found th a t  p h a g o c y to s is  r a t h e r  than  n u c le a s e  a c t iv i ty  

w as  r e s p o n s ib le  f o r  the  r e m o v a l  of DNA f r o m  the  b lood , a s  

in je c te d  DNA. w as  m a in ly  lo c a l i s e d  in the  l i v e r  and  s p le e n ,  and  

i t s  r e m o v a l  f r o m  th e  b lood  cou ld  be  s low ed  by  the  a d m in i s t r a t io n  

of e th y l  s t e a r a t e ,  w h ich  is  know n to p ro d u c e  r e t ic u lo e n d o th e l ia l  

b lo c k a d e .  A p a r t  f r o m  the  r e l a t i v e ly  low  r a t e s  of e l im in a t io n ,
s.

no p e c u l i a r i t i e s  l ik e ly  to be  r e s p o n s ib le  f o r  the  p r o n e n e s s  of 

NZ m ic e  to p ro d u c e  a n t ib o d ie s  to DNA could  be  d e m o n s t r a t e d .
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SUMMARY

S y s te m ic  lu p u s  e r y th e m a t o s u s  (SLE) i s  p r i m a r i l y  a  d i s e a s e  

a f fe c t in g  th e  c o n n ec t iv e  t i s s u e s  of the  m a n y  o r g a n s  of the  body.

I t  i s  a s s o c i a t e d  w ith  the  p ro d u c t io n  of a  w ide  s p e c t r u m  of 

a u to a n t ib o d ie s ,  w h ich , w ith  one e x c e p t io n ,  h a v e  no d e f in ed  

p a th o g e n e t ic  ro le .  T h e  one e x c e p t io n  i s  an t ib o d y  to 

d e o x y r ib o n u c le ic  a c id  (DNA), w hich  c o m p le x e s  w ith  DNA in  the  

c i r c u la t in g  b lood , an d  th e  r e s u l t a n t  c o m p le x e s  a r e  d e p o s i te d  in  

th e  r e n a l  g lo m e r u l i ,  w h e r e  th ey  a r e  r e s p o n s ib l e  f o r  the  in d u c tio n  

of g lo m e r u lo n e p h r i t i s .  F o r  m a n y  y e a r s  r e s e a r c h  on S L E  w as  

h a m p e r e d  by  la c k  of a  s u i ta b le  l a b o r a t o r y  m o d e l .  T h e  d i s c o v e r y  

th a t  N ew  Z e a la n d  B la ck  (NZB) an d  the  F I  h y b r id  p ro g e n y  (NZB x 

NZW F I ;  BW F^) r e s u l t in g  f r o m  c r o s s in g  N ZB  w ith  N ew  Z e a la n d  

W hite  (NZW) m ic e  d ev e lo p  an  a u to im m u n e  d i s e a s e  c lo s e ly  

m im ic k in g  S L E , h a s  s in c e  s t im u la te d  c o n s id e r a b le  r e s e a r c h  

in to  th e  p a th o g e n e s i s  of th e  d i s e a s e .  N u m e ro u s  im m u n o lo g ic a l  

p e c u l i a r i t i e s  h a v e  b e en  shown to  b e  p r e s e n t  in  th e s e  m ic e ,  y e t  

no c o m p le te ly  s a t i s f a c t o r y  e x p lan a t io n  f o r  t h e i r  o c c u r r e n c e  h a s  

b e e n  p r o p o s e d .  P h a g o c y to s i s  an d  the  p r o c e s s i n g  of a n t ig e n  by  

m a c r o p h a g e s  h a v e  b e en  shown to  b e  i m p o r t a n t  e v e n ts  in  the  

in i t ia t io n  of im m u n e  r e s p o n s e s .  In  th i s  t h e s i s  I d e s c r i b e  s tu d ie s



of th e  e a r l y  e v e n ts  of th e  im m u n e  r e s p o n s e  in  NZ m ic e  in  o r d e r  

to  e v a lu a te  t h e i r  im p o r t a n c e ,  i f  any , in  th e  p ro d u c t io n  of the  

im m u n o lo g ic a l  p e c u l i a r i t i e s  know n to  o c c u r  in  t h e s e  s t r a i n s  of 

m ic e .

An in i t i a l  s tu d y  of the  d e v e lo p m e n t  of the  t im e  of o n s e t  of 

a u to im m u n e  d i s e a s e  in  o u r  m o u s e  c o lo n ie s  w as  u n d e r ta k e n  in  

o r d e r  to c o m p a r e  o u r  m ic e  w ith  th o s e  p r e v io u s ly  r e p o r t e d  f r o m  

o th e r  c e n t r e s .  T he  r e s u l t s  sh o w ed  th a t  a l th o u g h  m in o r  

d i f f e r e n c e s  cou ld  be  d e te c te d ,  th e  m ic e  in  the  m a in  b e h a v e d  

v e r y  s i m i l a r l y  to  th o s e  p r e v io u s ly  r e p o r te d .

S tu d ie s  of th e  in  v ivo  p h a g o c y to s is  of c o l lo id a l  c a r b o n  by  the  

f ix e d  m a c r o p h a g e s  of th e  l i v e r  a n d  sp le e n  a n d  the  p e r i t o n e a l  

m a c r o p h a g e s  w e r e  u n d e r ta k e n .  C a r b o n  w a s  r e m o v e d  f r o m  the  

b lo o d  m o r e  s low ly  by  N Z B  than  o th e r  m ic e ,  bu t  w hen  c o r r e c t i o n  

w a s  m a d e  f o r  l i v e r  a n d  s p le e n  w e ig h t  in  r e l a t io n  to  to ta l  body 

w e ig h t ,  p h a g o c y to s i s  w a s  found to b e  n o r m a l .  P e r i t o n e a l  

c e l l u l a r  r e s p o n s e s  to c a r b o n ,  an d  i t s  p h a g o c y to s is  an d  s u b se q u e n t  

t i s s u e  lo c a l i s a t io n ,  w e r e  n o r m a l .  T h e  p h a g o c y to s is  a n d  

s u b s e q u e n t  i n t r a c e l l u l a r  k i l l in g  of S ta p h y lo c o c c u s  a u r e u s  by  the  

p e r i t o n e a l  m a c r o p h a g e s  of NZ m ic e  w a s  m e a s u r e d  an d  found to 

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

to  a f fe c t  the  r a t e  of p h a g o c y to s i s  o r  k i l l in g  of b a c t e r i a .



A s N ZB  an d  BW F^ m ic e  h av e  b e en  show n to  p r o d u c e  h e ig h te n e d  

im m u n e  r e s p o n s e s  to the  so lu b le  p r o t e in  a n t ig e n s ,  b o v in e  g a m m a  

g lobu lin  (BGG) an d  bov ine  s e r u m  a lb u m in  (BSA), and  h a v e  a l s o  

b e e n  shown to be  r e l a t i v e ly  r e s i s t a n t  to  the  in d u c t io n  of both  h igh  

a n d  low  zone  to l e r a n c e  to  th e s e  a n t ig e n s ,  i t  w a s  d e c id e d  to s tudy  

th e  r a t e s  of n o n - im m u n e  e l im in a t io n  of t h e s e  a n t ig e n s .  N ew  

Z e a la n d  m ic e  w e r e  found to h a v e  f a s t e r  r a t e s  of c a ta b o l i s m  than  

c o n t r o l  s t r a i n s  of m ic e ,  b u t a s tudy  of th e  an t ib o d y  r e s p o n s e s  in 

th e s e  m ic e  show ed  th a t  t h e r e  w as  no r e l a t io n s h ip  b e tw ee n  a n t ig e n  

e l im in a t io n  r a t e  an d  the  t i t  r e  o r  a f f in i ty  of the  a n t ib o d y  su b se q u e n t ly  

p ro d u c e d .  H o w ev e r ,  i t  w as  found th a t  th e  t im e  of o n s e t  of 

im m u n e  e l im in a t io n ,  in d ic a t in g  p ro d u c t io n  of a n tib o d y , w a s  e a r l i e r  

in  th o s e  m ic e  h av in g  r a p id  r a t e s  of a n t ig e n  n o n - im m u n e  e l im in a t io n .  

A new  m e th o d  of s tudy ing  th y ro x in e  s e c r e t i o n  r a t e s  in  m ic e  (b a se d  

on " th e  O c c u p a n c y  P r i n c i p l e " )  w as  d e v is e d ,  an d  a  s tu d y  of 

en d o g en o u s  th y ro x in e  s e c r e t i o n  r a t e s  w a s  u n d e r ta k e n  in  o r d e r  to 

in v e s t ig a te  the  p o s s ib le  r o le  of th y ro x in e  m e ta b o l i s m  in  r e la t io n  

to  BGG e l im in a t io n  r a t e s .  No c o r r e l a t i o n  w a s  d e m o n s t r a t e d  in  

the  s t r a i n s  of m ic e  s tu d ied .  T h u s  i n t e r s t r a i n  v a r i a t i o n s  in  n o n -  

im m u n e  a n tig en  e l im in a t io n  p ro b a b ly  r e s u l t  f r o m  d i f f e r e n c e s  in  

m a c r o p h a g e  fu n c tio n ,  a l th o u g h  the  a c t io n  of n a t u r a l l y  o c c u r r in g  

ad ju v a n ts  c an n o t be  ex c lu d ed , a s  a d ju v a n ts  h a v e  a ls o  b e e n  shown



to  a c c e l e r a t e  n o n - im m u n e  a n t ig e n  e l im in a t io n .

32 .F in a l l y  u s in g  E . co li  DNA la b e l le d  w ith  p h o s p h o r u s -32  ( P ) ,

a s tu d y  of DNA c a ta b o l i s m  in  N ew  Z e a la n d  m ic e  w as  u n d e r ta k e n  

to  i n v e s t ig a te  th e  p o s s ib i l i t y  th a t  a b n o r m a l i t i e s  of DNA c a ta b o l i s m  

m ig h t  be  r e s p o n s ib l e  f o r  the  p ro d u c t io n  of DNA a n t ib o d ie s ,  w hich  

a r e  know n to  o c c u r  s p o n ta n e o u s ly  in  t h e s e  m ic e .  N ZB  m ic e  

r e m o v e d  DNA m o r e  s lo w ly  f r o m  the  blo:od than  o th e r  s t r a i n s  of 

m ic e ,  bu t u n lik e  the  s low  c le a r a n c e  of c o l lo id a l  c a rb o n ,  th e  s low  

r a t e  of DNA c l e a r a n c e  w a s  n o t  found to b e  due to  the  s m a l l  s iz e  

of l i v e r  a n d  sp lee n .

I t  w as  found th a t  p h a g o c y to s is  r a t h e r  th an  n u c le a s e  a c t iv i ty  

w a s  r e s p o n s ib l e  f o r  the  r e m o v a l  of DNA f r o m  th e  b lood , a s  

i n j e c t e d  DNA w a s  m a in ly  lo c a l i s e d  in  th e  l i v e r  an d  sp le e n ,  and  

i t s  r e m o v a l  f r o m  the  b lo o d  cou ld  be  s lo w ed  by  the  a d m in i s t r a t i o n  

of e th y l  s t e a r a t e ,  w h ich  i s  know n to p ro d u c e  r e t i c u lo e n d o th e l i a l  

b lo c k a d e .  A p a r t  f r o m  th e  r e l a t iv e ly  low  r a t e s  of e l im in a t io n ,  

no  p e c u l i a r i t i e s  l ik e ly  to  be  r e s p o n s ib le  f o r  th e  p r o n e n e s s  of 

NZ m ic e  to  p ro d u c e  a n t ib o d ie s  to DNA co u ld  be  d e m o n s t r a t e d .
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C H A P T E R  1.

IN TRO D U C TIO N



T h e  c o n c e p t  of co n n ec t iv e  t i s s u e  a s  the  s e a t  of d i s e a s e  is  of

r e l a t i v e l y  r e c e n t  a c c e p ta n c e ,  l a r g e l y  b e c a u s e  of two f a c t o r s :  f i r s t l y ,

to th e  u b iq u i ty  of c o n n ec t iv e  t i s s u e  and  the  a b s e n c e  of a n y  a p p a r e n t

a n a to m ic a l  c o n t in u i ty  o r  l im i t ,  and  s e c o n d ly  to th e  e m p h a s i s  p la c e d

by p a th o lo g i s t s ,  n o ta b ly  P a u l  E h r l i c h ,  to  c e l l u l a r  p a th o lo g y .  A c c o rd in g

to R o b b -S m i th  (1) the  f i r s t  s ig n i f ic a n t  c o n t r ib u t io n  to  the  im p o r ta n c e

and fu n c t io n  of co n n ec t iv e  t i s s u e  w as  m a d e  by  S ch ad e  (2). T h u s  in

h is  b o o k  " P h y s i c a l  C h e m i s t r y  in  I n te r n a l  M e d ic in e "  p u b l i s h e d  in  1923,

•
S ch ad e  e m p h a s i s e d  the  fu n d a m e n ta l  a l t e r a t i o n s  of the  c o n n ec t iv e  

t i s s u e s  in  d i s e a s e d  s t a t e s ,  and  d e s c r i b e d  c h a n g e s  in  the  e l a s t i c i t y  of 

the  w a l l s  of the  a f fe c te d  v e s s e l s  in  a n e u r y s m s ,  h a e m o r r h o i d s  and 

v a r i c o s e  v e in s ,  a s  w e ll  a s  m u c in  d e p o s i t io n  in  m y x o e d e m a ,  and  the  

c h a n g e s  o c c u r r in g  d u r in g  wound h e a l in g .  In 1928, S tan d en d a th  (3) 

a g a in  e m p h a s i s e d  the  a l t e r a t i o n s  in  c o n n ec t iv e  t i s s u e s  in  c e r t a i n  

d i s e a s e s .  T h e s e  c o n d it io n s  a r e ,  of c o u r s e ,  v e r y  d i f f e r e n t  f r o m  

the  c o n c e p t  of the  c o n n ec t iv e  t i s s u e  d i s e a s e s  a s  i t  i s  u n d e r s to o d  to d ay .

T h e r e  i s  no doub t th a t  th e  m o d e r n  t r e n d  of th in k in g  f r o m  w hich  

th e  p r e s e n t - d a y  co n ce p t  of the  c o n n ec t iv e  t i s s u e  d i s e a s e s  ev o lv ed  i s  

f r o m  o b s e r v a t io n s  on the  p a th o lo g ic a l  c h a n g e s  in  r h e u m a t ic  f e v e r  

(4 -6 ) .  T h u s  T a la je w  (4) n o te d  m u c in o u s  o e d e m a  in  th e  c o n n e c t iv e  

t i s s u e s  in  rh e u m a t ic  f e v e r ,  and  K linge  (5, 6) e m p h a s i s e d  th a t  the  

e s s e n t i a l  p a th o lo g ic a l  ch an g e  in  th is  d i s e a s e  w a s  " f ib r in o id  

d e g e n e r a t io n "  in  the  s i t e s  o f  in f l a m m a t io n .  K linge  p o in te d  ou t 

th a t  s i m i l a r  l e s io n s  w e r e  found in  r a b b i t s  r e n d e r e d  h y p e r s e n s i t i v e  to



f o r e ig n  p r o t e in s  a n d  s u g g e s te d  th a t  r h e u m a t ic  f e v e r  w a s  a n  a l l e r g i c  

d i s e a s e ,  an d  a s  he found " f ib r in o id  m a t e r i a l "  in  the  l e s io n s  of 

p o l y a r t e r i t i s  n o d o sa ,  d e r m a to m y o s i t i s ,  m a l ig n a n t  h y p e r t e n s io n ,  

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

o b l i t e r a n s ,  he p o s tu la te d  th a t  th e s e  d i s e a s e s  m ig h t  a l s o  have  a n  

a l l e r g i c  p a th o g e n e s i s .  J a g e r  (7) and  R o s s le  (8) p r o p o s e d  th a t  

f ib r in o id  n e c r o s i s  w a s  the  c h a r a c t e r i s t i c  m o rp h o lo g ic a l  ch ange  in 

d i s e a s e s  of a l l e r g i c  b a c k g ro u n d  an d  s u g g e s te d  th a t  r h e u m a t ic  f e v e r ,  

p o l y a r t e r i t i s  n o d o sa ,  an d  th r o m b o a n g i i t i s  o b l i t e r a n s  sh o u ld  be g ro u p e d  

t o g e th e r  a s  th e  " r h e u m a t i s h e  F o r m e n k r e i s " .  C l a r k  an d  K ap lan  (9) 

d e s c r i b e d  f ib r in o id  d e g e n e r a t io n  in  th e  l e s io n s  of s e r u m  s ic k n e s s  in  

m a n ,  an d  M asu g i  and  Ya (10) n o ted  the  s i m i l a r  c h a n g e s  in  the  v e s s e l s  

of a  p a t ie n t  w ith  p r o g r e s s i v e  s y s te m ic  s c l e r o s i s ;  th e y  p r o p o s e d  a n  

a l l e r g i c  p a th o g e n e s i s  fo r  th e s e  c o n d i t io n s .

In 1941 B an k s  (11) p u b l is h e d  a  p a p e r  e n t i t le d  "Is  t h e r e  a  c o m m o n  

d e n o m in a to r  in  s c l e r o d e r m a ,  d e r m a to m y o s i t i s ,  d i s s e m in a te d  lupus  

e r y t h e m a t o s u s ,  the  L ib m a n - S a c k s  s y n d r o m e ,  a n d  p o l y a r t e r i t i s " ,  in  

w h ic h  he c o n c lu d ed  th a t  th e s e  d i s e a s e s  w e r e  r e l a t e d  b o th  c l in ic a l ly  

a n d  p a th o lo g ic a l ly  an d  co u ld  be g ro u p e d  to g e th e r  a s  d if fu se  v a s c u l a r  

o r  m e s e n c h y m a l  d i s e a s e s .  In the  fo llo w in g  y e a r  K l e m p e r e r ,

P o l l a c k  an d  B a e h r  (12) p u b l is h e d  t h e i r  s h o r t  but h i s t o r i c  p a p e r  

e n t i t l e d  "D iffu se  c o l la g e n  d i s e a s e ,  a c u te  d i s s e m in a t e d  lupus  

e r y t h e m a t o s u s  an d  d iffu se  s c l e r o d e r m a " .  T h e s e  w o r k e r s  pu t 

f o r w a r d  th e  c o n cep t  th a t  the  c o n n e c t iv e  t i s s u e s  co u ld  be the  p r i m a r y  

s i t e  of d i s e a s e .  T h e  a u th o r s  w e r e  c a r e f u l  h o w e v e r  to  p o in t out



3.
th a t  a l th o u g h  th e y  r e g a r d e d  th e s e  "d if fu se  c o l la g e n  d i s e a s e s "  a s  

d i s o r d e r s  of th e  co n n ec t iv e  t i s s u e s ,  th i s  d id  no t im p ly  th a t  th e y  w e re  

n e c e s s a r i l y  a e t io lo g ic a l ly  r e l a t e d ,  o r  w e r e  p r i m a r i l y  d i s e a s e s  of 

an y  p a r t i c u l a r  c o n s t i tu e n t  of co n n ec t iv e  t i s s u e ,  su ch  a s  c o l la g e n .

In t h e i r  own w o rd s  " ............... to  id en tify  th is  s y s t e m  a s  the  s e a t  of

c e r t a i n  d i s e a s e s  is  by no m e a n s  to  id en tify  th e s e  d i s e a s e s  w ith  one 

a n o th e r ,  o r  ev en  to  r e l a t e  th e m . T h is  w ou ld  be a n  u n ju s t i f ia b le  

o v e r - s im p l i f i c a t io n " .

T h i s  p a p e r  a p p e a r s  to  h a v e  a r o u s e d  l i t t l e  im m e d ia te  i n t e r e s t ,  

p e r h a p s  due to  the  S econd  W o r ld  W ar ,  o r  to  th e  fa c t  th a t  th e  c o n ce p t  

w a s  m o rp h o lo g ic a l  r a t h e r  th a t  a e t io lo g ic a l .  H o w ev e r ,  th e  id e a  

th a t  p o l y a r t e r i t i s  nod o sa  m ig h t  be due to  t i s s u e  h y p e r s e n s i t i v i t y  

r e c e iv e d  su p p o r t  f r o m  th e  e x p e r im e n t a l  s tu d ie s  of R ic h  an d  h is  

c o l le a g u e s  (1 3 -1 5 ) .  T h e s e  w o r k e r s  found le s io n s  of p o l y a r t e r i t i s  

n o d o sa  in  p a t ie n t s  w ith  s e r u m  s ic k n e s s  a n d  su lp h o n am id e  r e a c t io n s ,  

an d  p ro d u c e d  s i m i l a r  l e s io n s  e x p e r im e n ta l ly  by the  in je c t io n  of 

h o r s e  s e r u m  in to  p r e v io u s ly  s e n s i t i s e d  r a b b i t s .  R ic h  (14) 

c o n c lu d e d  th a t  p o l y a r t e r i t i s  n o d o sa  w as  a n  " a l l e r g i c "  d i s e a s e ,  an d  

s u g g e s te d  th a t  rh e u m a t ic  f e v e r  an d  d i s s e m in a t e d  lu p u s  e r y th e m a t o s u s  

w e r e  a l s o  due to  a n a p h y la c t ic  h y p e r s e n s i t iv i ty .  In th is  w ay  he 

r e in t r o d u c e d  the  co n cep t  of K linge  (6) of a  c o m m o n  a e t io lo g ic a l  b a s i s  

f o r  the  c o l la g e n  d i s o r d e r s .

T h e r e  is  no doubt th a t  th e  d e m o n s t r a t io n  by  H en ch  an d  h is  

c o l le a g u e s  in  1948 (16) of th e  e f f e c t iv e n e s s  o f  c o r t i s o n e  in rh e u m a to id  

a r t h r i t i s ,  r h e u m a t ic  f e v e r  an d  s y s te m ic  lu p u s  e r y th e m a t o s u s  

p o p u la r i s e d  the  co n cep t  of " th e  c o l la g e n  d i s e a s e s " .  In sp i te  of the



T A B L E  1

A LIST O F  IL L N E S SE S IN C LU D ED  UNDER T H E  HEADING 
"C O L L A G E N , OR C O N N E C T IV E  TISSUE D ISEASES"

C r a n ia l  ( t e m p o r a l  o r  g ian t  ce ll)  a r t e r i t i s .  
P o ly m y a lg ia  rh e u m a t ic a .
T h r o m b o - a n g i i t i s  o b l i t e r a n s .
T h r o m b o t ic  th ro m b o c y to p e n ic  p u r p u r a .  
H enoch-S ch& nle in  p u r p u r a .
W e b e r - C h r i s t i a n  d i s e a s e  ( r e l a p s in g  f e b r i l e  

n o n - s u p p u r a t iv e  p a n n ic u l i t i s ) .
E r y th e m a  n o d o su m .
A c u te  g lo m e r u lo n e p h r i t i s  (p o s t  s t r e p to c o c c a l ) .  
R h e u m a t ic  f e v e r .
M alig n an t  h y p e r te n s io n .
U lc e r a t iv e  c o l i t i s .
E n d o c a r d ia l  f i b r o e l a s t o s i s .
S jo g r e n 's  s y n d ro m e .
S e r u m  s ic k n e s s  ( h y p e r s e n s i t iv i ty  o r  a l l e r g i c  

a n g i i t i s ) .
L o e f f l e r 's  p n e u m o n ia .
P e m p h ig u s .

T h e s e  fo llow ing  d i s e a s e s  shou ld  a l s o  be  a d d ed .

T a k a y a s h u 's  d i s e a s e  (young fe m a le  a r t e r i t i s ) .  
W e g e n e r 's  g r a n u lo m a to s i s .
G o o d p a s tu r e 's  s y n d ro m e .
R h e u m a to id  a r t h r i t i s .
S y s te m ic  lu p u s  e r y th e m a t o s u s .
P r o g r e s s i v e  s y s t e m ic  s c l e r o s i s .  
D e r m a to m y o s i t i s  (p o ly m y o s i t i s ) .
P o l y a r t e r i t i s  n o d o sa .



w a r n in g s  of K l e m p e r e r  an d  h is  c o l le a g u e s  (12), the  t e r m  " c o l la g e n  

d i s e a s e "  cau g h t  the  im a g in a t io n  of th e  p h y s ic ia n  an d  a n  i n c r e a s i n g  

n u m b e r  o f  d i s e a s e s  w e r e  in c lu d e d  u n d e r  the  t e r m ,  (T a b le  1),

(1, 17, 18). T h e s e  d i s e a s e s  w e r e  in c lu d e d  e i t h e r  b e c a u s e  of 

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

of th e  p r e s e n c e  of " f ib r in o id "  in  the  p a th o lo g ic a l  l e s io n s .  In 1950, 

K l e m p e r e r  (19) ru e fu l ly  w r o te  of the  t e r m  c o l la g e n  d i s e a s e :

"B y  su g g e s t in g  i t  we u n w il l in g ly  b e c a m e  r e s p o n s ib l e  f o r  a  d e p lo ra b le  

u s a g e  of th is  t e r m  a s  a  c o l le c t iv e  d ia g n o s i s  f o r  th o s e  p u z z l in g  m a la d ie s  

w h ic h  w e h a d  t r i e d  to d i f f e r e n t i a t e  by r a t i o n a l  p a th o g e n e t ic  in v e s t ig a t io n .  

T h e  im p a t i e n c e  of c l in ic a l  i n v e s t ig a to r s  an d  a p e c u l i a r  w o r s h ip  of 

d ia g n o s t ic  t e r m s  h av e  le d  to  an  e x a g g e r a te d  p o p u la r i ty  of th e  d ia g n o s i s  

o f  c o l la g e n  d i s e a s e .  It i s  no t a  t e r m  a p p l ic a b le  to  d ia g n o s i s  a n d  

c e r t a i n l y  d o e s  not define  th e  m o r b id  p r o c e s s  of th e  d i s e a s e s  g ro u p e d  

to g e th e r " .

T h e  d i s c o v e r y  of the  r h e u m a to id  (20) an d  L E  f a c to r s  (21) p a v e d  

th e  w ay  f o r  the  d i s c o v e r y  of m a n y  o th e r  im m u n o lo g ic a l  a b n o r m a l i t i e s  

p r e s e n t  in  th e  c o n n ec t iv e  t i s s u e  d i s e a s e s .  T h e  d e m o n s t r a t i o n  of 

i n t e r c o n v e r s i o n  an d  t r a n s i t i o n a l  s y n d r o m e s ,  o v e r la p p in g  of the  

im m u n o lo g ic a l  p h en o m en a , an d  f a m i l i a l  a g g r e g a t io n  of th e  v a r io u s  

s y n d r o m e s  a n d  t h e i r  a s s o c i a t e d  im m u n o lo g ic a l  a b n o r m a l i t i e s  h a v e  

le d  to an  in e v i ta b le  te n d e n c y  to  c o n s id e r  th e  c o n n e c t iv e  t i s s u e  d i s e a s e s  

a s  f o r m in g  a  s in g le  n o s o lo g ic a l  e n t i ty  w ith  s e v e r a l  d i f f e r e n t  

m a n i f e s t a t io n s .  H o w ev e r ,  c l in ic a l ,  p a th o lo g ic a l  a n d  im m u n o lo g ic a l  

s i m i l a r i t i e s  shou ld  not be c o n s id e r e d  a s  n e c e s s a r i l y  im p ly in g  a



com m on a e tio lo g y . In the a b sen ce  o f any r ea l understanding of 

the a e tio lo g y  and p a th o g en esis  of the con n ective  t is s u e  d is e a s e s  it  

w ould see m  c o r r e c t  to abandon the Unitarian concep t and to return  

to ca re fu l d escr ip tio n  and c la s s if ic a t io n  of c lin ic o -p a th o lo g ic a l  

e n tit ie s . It i s  h o w ev er , reason ab le  to reta in  the concep t of 

co n n ectiv e  t is s u e  d is e a s e s ,  p rov id ed  i t  i s  u sed  l it e r a lly  to m ean a 

d is e a s e  p r im a r ily  a ffec tin g  con n ectiv e  t is s u e s ,  w ithout a e tio lo g ic a l  

im p lic a tio n s . A t th is  point it  m ay be w orthw hile in d icatin g  that, 

although im m u n o lo g ica l m ech a n ism s a r e  in v o lv ed  in the p a th o g en esis  

of th ese  d is e a s e s , the p r e se n c e  of " fibrinoid  m a ter ia l"  p er  se  i s  not 

i t s e l f  ev id en ce  of an im m u n o lo g ica l p r o c e s s ,  a s  it  i s  found in  in fa r c ts , 

throm bi and other le s io n s  w h ere i t s  p a th o g en esis  i s  c le a r ly  not 

im m u n o lo g ica l.

The m ajor co n n ective  t is s u e  d is e a s e s ,  often term ed  the " n on -organ -  

sp e c if ic  autoim m une d is e a se s "  a r e  rheum atoid  a r th r it is , sy s te m ic  

lupus ery th em a to su s , p r o g r e s s iv e  sy s te m ic  s c le r o s is  and d erm a to ­

m y o s it is .  Of th ese  d is e a s e s ,  two have a ssu m ed  im p ortan ce, 

rheum atoid  a r th r it is  and sy s te m ic  lupus ery th em a to su s , b eca u se  

in te n se  study h as p rov id ed  co n sid era b le  know ledge of th e ir  im m u n o­

lo g ic a l  fe a tu re s . In th is  th e s is ,  I have e le c te d  to study sy s te m ic  lupus  

ery th em a to su s  a s  it  i s  the only co n n ective  t is s u e  d is e a se  w ith a 

su itab le  la b o ra tory  m od el.

Lupus ery th em a to su s w as f ir s t  d e scr ib e d  by H ebra in 1845 (22) 

a s  a lo c a lis e d  skin le s io n  but it  w as in  1851 that C azen ave (23) gave it  

the nam e b eca u se  of i t s  a lle g e d  a sso c ia tio n  w ith cutaneous tu b e rc u lo s is .



T h a t lu p u s  w as  m o r e  th an  s im p ly  a  d i s e a s e  o f  th e  sk in  w a s  p r o p o s e d  

in 1872 by  K ap o s i  (24), an d  i t  i s  f r o m  th i s  t im e  th a t  th e  t e r m  

d i s s e m in a te d  lu p u s  e r y th e m a t o s u s  d a te s .  O s i e r  w r o te  a  s e r i e s  

of e s s a y s  b e tw een  the  y e a r s  1895 a n d  1903 (2 5 -2 7 ) ,  a n d  in  th e m  he  

c l e a r l y  d e l in e a te d  the  c l in ic a l  p i c tu r e  of th e  d i s e a s e ,  s t r e s s i n g  

a g a in  th e  g e n e r a l i s e d  n a tu r e  of bo th  s y m p to m s  an d  s ig n s .  He 

e m p h a s i s e d  the  p r e s e n c e  o f  e n d o c a r d i t i s ,  p u r p u r a ,  h a e m o ly t ic  

a n a e m ia ,  an d  th e  f r e q u e n t  o c c u r r e n c e  of a b d o m in a l  p a in ,  a n d  p o in te d  

out th a t  th e  s y s te m ic  m a n i f e s t a t io n s  of th e  d i s e a s e  c o u ld  o c c u r  in 

the  a b s e n c e  of th e  c u ta n e o u s  l e s io n s .  A lth o u g h  so m e  of h is  c a s e s  

w ould  no t be a c c e p te d  a s  p r o v e n  e x a m p le s  of s y s te m ic  lupus  

e r y th e m a t o s u s  today , O s i e r ' s  o b s e r v a t io n s  a r e  of fu n d a m e n ta l  

c l in ic a l  im p o r ta n c e .

A n a ty p ic a l ,  n c n - b a c t e r i a l ,  v e r r u c o u s  e n d o c a r d i t i s  (L ib m a n  S a ck s  

e n d o c a r d i t i s )  in  s y s te m ic  lu p u s  e r y th e m a t o s u s  w a s  d e s c r i b e d  by  

L ib m a n  a n d  S acks  in  1924 (28) , an d  a t  th e  s a m e  t im e  th e y  d re w  

a t te n t io n  to  the  sp le n ic  l e s i o n s  p r e s e n t  in  the  d i s e a s e .  T h e  ty p ic a l  

" w i r e - lo o p "  le s io n s  a n d  o th e r  r e n a l  c h a n g e s  p r e s e n t  in  lu p u s  n e p h r i t i s  

w e r e  d e s c r i b e d  by B a e h r  a n d  h is  c o l le a g u e s  in  1935 (29). It th e n  

r e m a i n e d  f o r  K l e m p e r e r  et a l  (30) to  d e s c r i b e  th e  d if fu se  f ib r in o id  

d e g e n e r a t io n  a f fe c t in g  th e  c o l la g e n  c o n n e c t iv e  t i s s u e s  an d  to  c l a s s i f y  

s y s t e m ic  lu p u s  e r y th e m a t o s u s  a  c o n n e c t iv e  t i s s u e  d i s e a s e  (12).

T he c o l le c t io n s  of h a e m a to x y l in - s t a in in g  b o d ie s ,  d ev o id  of r e g u l a r  

n u c le i  a n d  c e l l u l a r  s t r u c t u r e ,  w e r e  f i r s t  o b s e r v e d  by  G r o s s  in  1932 (31),



and G in z le r  an d  F o x  (32) d e s c r i b e d  s i m i l a r  l a r g e  h a e m a to x y l in -  

s ta in in g  a g g r e g a t e s  in the  ly m p h  n o d e s  of p a t ie n t s  w ith  th is  d i s e a s e .  

T h e s e  a r e  now c a l le d  h a e m a to x y p h i l  b o d ie s  and  w e r e  o r ig in a l ly  th o ugh t 

to c o n s i s t  of d e p o ly m e r i s e d  DNA (33), a l th o u g h  m o r e  r e c e n t  e v id en ce  

s u g g e s ts  th a t  th e y  c o n s i s t  o f n u c l e o - p r o t e in  (228).

The d i s c o v e r y  by H a r g r a v e s  of a  s p e c i f ic  p h a g o c y t ic  p h e n o m en o n ,  

the  " L E  c e l l "  in  the  bone m a r r o w  and  p e r i p h e r a l  b lood  of p a t ie n t s  

w ith  s y s te m ic  lu p u s  e r y th e m a t o s u s  h a s  b e e n  th e  s in g le  m o s t  im p o r ta n t  

a d v an c e  in  b o th  the  d ia g n o s i s  and  u n d e r s ta n d in g  of the  d i s e a s e  (21).

The d e te c t io n  of th is  p h e n o m en o n  h a s  e n ab le d  n o t  on ly  the  d ia g n o s i s  

of s y s te m ic  lu p u s  e r y th e m a t o s u s  to be b ro a d e n e d ,  and  to  be m a d e  w ith  

m o r e  c e r t a in t y ,  b u t  the  d i s c o v e r y  of the  f a c to r  r e s p o n s ib le  f o r  i t s  

p ro d u c t io n  h a s  opened  a  P a n d o r a fs box of im m u n o lo g ic a l  p h e n o m e n a  

f r o m  w h ich  m u c h  of o u r  p r e s e n t  k n ow ledge  of the  n a tu r e  of s y s te m ic  

lu p u s  e r y th e m a t o s u s  h a s  s t e m m e d .  T he L E  c e l l  f a c to r  h a s  b e en  

show n to be  c i r c u la t in g  a n t ib o d y  to D N A -h is to n e  c o m p le x  (34) and  w il l  

r e a c t  w ith  c e l l  n u c le i  of m a n y  d i f f e r e n t  s p e c i e s .  U sin g  the  

im m u n o f lu o r e s c e n c e  te c h n iq u e ,  an t ib o d y  to  D N A -h is to n e  i s  s e e n  a s  a  

h o m o g e n e o u s  p a t t e r n  of n u c l e a r  s ta in in g  (35). T h r e e  o th e r  p a t t e r n s  

o f  n u c l e a r  s ta in in g  m a y  be  s e e n ,  s p e c k le d  (an tib o d y  to  a  s a l i n e - s o lu b le  

c o m p o n e n t  of the  n u c le u s ) ,  n u c l e o l a r  (an tibody  to  n u c l e a r  R N A - 

a s s o c i a t e d  p r o te in ,  bu t  no t  RNA), an d  m e m b r a n o u s ,  a l s o  c a l l e d  sh ag g y  

o r  f i b r i l l a r  (an tib o d y  to DNA) (35). T he  m o r p h o lo g ic a l  p a t t e r n s  of 

n u c l e a r  f lu o r e s c e n c e  a r e  no t  now  th o u g h t to  be  a s  s p e c i f ic  a s  p r e v io u s ly  

s u p p o s e d .  T he  sp e c k le d  an d  n u c l e o l a r  p a t t e r n s  of a n t in u c l e a r  f a c to r  

o c c u r  a lm o s t  e x c lu s iv e ly  in  S j$g ren*s  s y n d ro m e  and  p r o g r e s s i v e



s y s te m ic  s c l e r o s i s  (36, 37)*

A p a r t  f r o m  a n t in u c l e a r  a n t ib o d ie s ,  a n t ib o d ie s  to r ib o s o m e s  

(38-40) and  RNA (41, 42) h av e  b e e n  d e s c r i b e d .  In a d d i t io n  

p r e c ip i t a t i n g  a n t ib o d ie s  r e a c t i n g  w ith  u n id e n t i f ie d  c y to p la s m ic  

c o n s t i tu e n t s ,  r h e u m a to id  f a c t o r s  a n d  a n t ib o d ie s  to  e r y t h r o c y t e s ,  

l e u c o c y te s  a n d  p la t e l e t s  m a y  be p r e s e n t  in  th e  s e r u m  of p a t ie n t s  (43).

A n  i n c r e a s e d  p r e v a le n c e  of th y r o id  a u to a n t ib o d ie s  h a s  b e e n  r e p o r t e d  

in  S L E  (44, 45).

D e sp i te  th is  ab u n d an c e  of a u to a n t ib o d e s  in  th e  s e r a  p a t i e n t s  w ith  

s y s te m ic  lu p u s  e r y th e m a t o s u s ,  the  l a r g e  m a j o r i t y  do no t h a v e  an y  

d ia g n o s t ic  s ig n if ic a n c e .  L E  c e l l s  f o r  in s t a n c e  m a y  be  found  in  th e  

s e r a  of 10% of p a t ie n ts  w ith  c h ro n ic  d is c o id  lu p u s  e r y th e m a t o s u s ,
i

a lth o u g h  m a n y  of th e s e  p a t ie n t s  h av e  e v id e n c e  of m u l t i s y s t e m  d i s e a s e  

(4 6 -4 8 ) .  P a t i e n t s  w ith  rh e u m a to id  a r t h r i t i s  (43, 49 -53) a n d  c h ro n ic  

a c t i v e ,  o r  lupo id  h e p a t i t i s  (5 4 -5 6 ) ,  m a y  a l s o  h a v e  p o s i t iv e  L E  c e l l  t e s t s  

in  ab o u t 5-15%  of c a s e s .  R a r e l y  L E  c e l l s  m a y  be s e e n  in  o th e r  

d i s e a s e s  su ch  a s  H o d g k in 's  d i s e a s e  a n d  a p l a s t i c  a n a e m ia  (57). T he  

on ly  a n t ib o d y  w h ich  a p p e a r s  sp e c if ic  fo r  s y s te m ic  lupus  e r y th e m a t o s u s  

i s  an t ib o d y  to n a t iv e  DNA. A p a r t  f r o m  i ts  s p e c i f ic i ty ,  a n t ib o d y  to  n a t iv e  

DNA is  a l s o  d i f f e r e n t  f r o m  th e  o th e r  a u to a n t ib o d ie s  o c c u r r in g  in  s y s te m ic  

lu p u s  e r y th e m a to s u s  a s  i t  i s  th e  on ly  a n t ib o d y  d e f in i te ly  know n to  h av e  

p a th o g e n e t ic  s ig n if ic a n c e .  A n tib o d y  to  n a t iv e  DNA c o m p le x e s  w ith  

a n t ig e n ,  a n d  the  r e s u l t in g  a n t ig e n -a n t ib o d y  c o m p le x e s ,  t o g e th e r  w ith  

c o m p le m e n t ,  a r e  d e p o s i te d  in  the  r e n a l  g lo m e r u l i ,  w h e r e  th e y  in d u ce  

a c u t e  g lo m e r u lo n e p h r i t i s .  T he  a n t ig e n ,  im m u n o g lo b u l in  a n d  c o m p le m e n t



can  be  d e te c te d  in  the  g lo m e r u l i  by im m u n o f lu o r e s c e n c e  (58, 59), and  

a n tib o d y  to DNA c an  be  e lu te d  f r o m  the  g lo m e r u l i  (60 -64 ) , a s  w e ll  a s  

DNA (64).

T he e x p la n a t io n  f o r  the  o c c u r r e n c e  of a u to im m u n e  d i s e a s e  is  n o t 

a p p a r e n t ,  b u t th e  p o s s i b i l i t i e s  in c lu d e  im m u n o lo g ic a l  h y p e r r e s p o n s i v e n e s s  

(65, 66), l o s s  of im m u n o lo g ic a l  t o l e r a n c e  to s e l f  a n t ig e n s  by  the  

e m e r g e n c e  of fo rb id d e n  c lo n e s  of a n t ig e n  r e a c t iv e  c e l l s  (67), and  a 

p e c u l i a r  h o s t  r e s p o n s e  to so m e  in fe c t iv e  a g e n t  p o s s ib ly  due to  a n  

u n d e r ly in g  g e n e t ic  p r e d i s p o s i t i o n .  Indeed  r e c e n t  w o rk  h a s  show n the  

p r e s e n c e  of i n c r e a s e d  t i t r e s  of a n t ib o d ie s  to  c e r t a i n  v i r u s e s  in  the  s e r a  

of p a t ie n t s  w ith  SL E  (68, 69) and  e l e c t r o n  m ic r o s c o p i c  e x a m in a t io n  of 

th e  t i s s u e s  of th e s e  p a t i e n t s  h a s  show n the  p r e s e n c e  of m y x o v i r u s - l i k e  

p a r t i c l e s  (70 -76 ) b u t  t h e i r  n a tu r e  and  s ig n i f ic a n c e  have  n o t  y e t  b e e n  p ro v e n .

S t im u lu s  to  r e s e a r c h  on the  c o n n e c t iv e  t i s s u e  d i s e a s e s  w a s  h e ld  

up fo r  m a n y  y e a r s  b e c a u s e  of a l a c k  of a  s u i ta b le  a n im a l  m o d e l  of the  

d i s e a s e .  H o w e v e r  in  1959 B ie lc h o w s k y  (77) d e s c r i b e d  th e  o c c u r r e n c e  

o f  C o o m b s '  p o s i t iv e  h a e m o ly t ic  a n a e m ia  in  N ew  Z e a la n d  b la c k  (NZB) 

m i c e .  T h e s e  m ic e  a l s o  d e v e lo p  g lo m e r u lo n e p h r i t i s  and  in  5% L E  

c e l l s  c a n  be  d e m o n s t r a t e d  (78, 79). W hen m a te d  w ith  N ew  Z e a la n d  

w h ite  (NZW) m ic e  th e  r e s u l t a n t  p ro g e n y  (NZB x  N Z W F ^ ; o r  B W F^ m ic e )  

f a i l  to  d e v e lo p  th e  h a e m o ly t ic  a n a e m ia ,  b u t  h a v e  a  m u c h  h ig h e r  in c id e n c e  

o f  L E  c e l l s  (60-75% ), and  the  g lo m e r u lo n e p h r i t i s  i s  f lo r id ,  e s p e c ia l l y  

i n  the  f e m a le s  who d ie  of u r a e m i a  u n d e r  1 y e a r  of ag e  (80). A s  in  

h u m a n  lu p u s ,  a n t ib o d ie s  to DNA a r e  c o m m o n  (81) and  the  n e p h r i t i s  h a s  

b e e n  show n to  be  due to  the  d e p o s i t io n  of c i r c u la t in g  DNA -a n t i  DNA



c o m p le x e s  in  th e  r e n a l  g lo m e r u l i  (82, 83). On th e  b a s i s  of th e s e  

f a c t s ,  i t  i s  r e a s o n a b le  to  a c c e p t  th a t  New Z e a la n d  m ic e  p r o v id e  a  

s u i ta b le  l a b o r a t o r y  m o d e l  fo r  th e  s tu d y  of S L E .  H o w e v e r ,  h av in g  

a c c e p te d  th e i r  s u i ta b i l i ty ,  i t  m u s t  be  s t r e s s e d  th a t  t h e r e  a r e  a l s o  

d i s s i m i l a r i t i e s  b e tw ee n  th e  d i s e a s e s  of N ew  Z e a la n d  m ic e  and  h u m a n  

S L E . F o r  e x a m p le  -

1) H um an  S L E  i s  a  d i s e a s e  w hich  p r o g r e s s e s  by  r e l a p s e s  an d  

r e m i s s i o n s  w h e r e a s  " m u r in e  lu p u s "  p r o g r e s s e s  co n t in u o u s ly .

2) H u m an  S L E  i s  a  m u l t i s y s t e m  d i s e a s e  w h ich  m a y  p ro d u c e  

c h a r a c t e r i s t i c  sk in  l e s i o n s ,  a lo p e c ia ,  a r t h r i t i s ,  p e r i c a r d i t i s ,  

m y o c a r d i t i s ,  e n d o c a r d i t i s ,  v a s c u l i t i s ,  p l e u r i s y  w ith  e ffu s io n ,  

p a r e n c h y m a l  lung  d i s e a s e ,  g l o m e r u lo n e p h r i t i s ,  h a e m o ly t ic  a n a e m ia ,  

le u c o p e n ia ,  th ro m b o c y to p e n ia ,  c e n t r a l  n e r v o u s  s y s t e m  d i s e a s e ,  and  

p e r i p h e r a l  n e u ro p a th y .  N ew  Z e a la n d  m i c e  g e n e r a l ly  o n ly  d ev e lo p  

h a e m o ly t ic  a n a e m ia  and  g lo m e r u lo n e p h r i t i s ,  a l th o u g h  ly m p h o id  

i n f i l t r a t e s  can  be  s e e n  in  m a n y  o r g a n s  on h i s to lo g ic a l  e x a m in a t io n .

3) M a lig n an t  l y m p h o r e t i c u l a r  n e o p la s m s  c o m p l ic a te  h u m a n  SL E 

u n c o m m o n ly ,  w h e r e a s  th e y  a r e  e x t r e m e l y  c o m m o n  in  m u r i n e  lu p u s .

T h e  a e t io lo g y  of the  a u to im m u n e  d i s e a s e  of NZB m ic e  i s  s till  

unknown b u t t h r e e  f a c t o r s  a r e  of im p o r t a n c e .



10(a).

1. G e n e t i c : T h is  i s  the  m o s t  o b v io u s ,  the  f i r s t  in v e s t ig a te d ,  

and y e t  l e a s t  u n d e r s to o d .  The h o m o z y g o u s  N Z B  m o u s e  d e v e lo p s  

a u to an t ib o d y  to  e r y th r o c y te s  d e te c ta b le  by  a  p o s i t iv e  C oom bs*  t e s t  

f r o m  5 m o n th s  of ag e ,  w h e r e a s  w hen  c r o s s e d  w ith  N ZW  m ic e ,  o r  

any  o th e r  s t r a i n  of m o u s e ,  the  in t r o d u c t io n  of d i f f e r e n t  g e n e t ic  

m a t e r i a l  r e s u l t s  in  m a r k e d  r e t a r d a t i o n  of the  a p p e a r a n c e  of 

C oom bs* p o s i t iv i ty .  S e v e r a l  g e n e t ic  s tu d ie s ,  so m e  of w h ich  w e re4

e x t r e m e l y  e l a b o r a t e ,  h av e  b e e n  r e p o r t e d ,  and  the  c o n c lu s io n s  of 

a l l  w e re  th a t  the  d i s e a s e  is  n o t  s im p ly  c o n t ro l le d  by one gene 

(80, 8 4 -9 1 ) .

2. V i r a l : E l e c t r o n  m ic r o s c o p i c  s tu d ie s  h a v e  r e v e a le d  th a t

N ew  Z e a la n d  m ic e  c a r r y  C type  m u r in e ,  l e u k a e m ia  v i r u s  p a r t i c l e s ,  

w h ich  h a v e  b e e n  show n to be of the  G r o s s  s t r a i n  (9 2 -9 8 ) . A lthough  

th e  v i r u s  i s  found in  a lm o s t  a l l  s t r a i n s  o f  m ic e  (99), o n ly  g e n e t i c a l ly  

s u s c e p t ib le  h o s t s  d e v e lo p  l e u k a e m ia / ly m p h o m a .  N ew  Z e a la n d  m ic e  

a r e  th e  on ly  know n s t r a i n  to  b r e a k  t o l e r a n c e  to  th i s  v i r u s ,  and  a f t e r  

s e v e r a l  m o n th s  th e y  p ro d u c e  a n t ib o d ie s  to  G r o s s  a n t ig e n  (100).

G r o s s  a n t ig e n -a n t ib o d y  im m u n e  c o m p le x e s  a r e  th e n  d e p o s i t e d  in  the  

r e n a l  g lo m e r u l i  (101).

T he ro le  of the  v i r u s  in  the  a e t io lo g y  and  p a th o g e n e s i s  of the  

a u to im m u n e  d i s e a s e  of N Z B  m ic e  r e m a in s  o b s c u r e ,  b u t  the  v a c c in a t io n
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of young  m ic e  w ith  a  G r o s s  v i r u s  v a c c in e  w i l l  p r e v e n t  the  o n s e t  of 

C o o m b s '  c o n v e r s io n  (100). Som e a u th o r s  c l a im  th a t  th e  a d m in i s t r a t i o n  

of i n t e r f e r o n  induc ing  a g e n ts  c an  d e lay  th e  o n s e t  of a u to im m u n e  d i s e a s e  

(102), w h e r e a s  o th e r s  have  f a i le d  to  c o n f i r m  th i s  (41, 103). C e r t a in ly  

a  d i r e c t  r o le  of th e  v i r u s  in th e  p ro d u c t io n  of a u to im m u n e  d i s e a s e  is  

doub tfu l,  a s  th e  v i r u s  i t s e l f  i s  u b iq u i to u s ,  y e t  th e  a u to im m u n e  d i s e a s e  

i s  u n iq u e .  A  r e p o r t  th a t  c e l l  f r e e  f i l t r a t e s  of t i s s u e  c o n ta in in g  the  

v i r u s  t r a n s f e r r e d  the  d i s e a s e  (93), h a s  not b e e n  c o n f i r m e d  d e s p i te  

e x te n s iv e  s tu d y  (104).

3. Im m u n o lo g ic a l : N u m e ro u s  im m u n o lo g ic a l  p e c u l i a r i t i e s  h av e

b e e n  o b s e r v e d  in  NZ m ic e  an d  th e y  in c lu d e  -

1. E a r l i e r  m a tu r a t io n  of th e  im m u n e  r e s p o n s e  to  sh e e p  r e d  b lood  

c e l l s  th a n  in  o th e r  i n b r e d  s t r a i n s  of m ic e  (105, 106).

2. E x c e s s i v e  h u m o r a l  a n t ib o d y  r e s p o n s e s  fo llow ing  in je c t io n  of 

c e r t a i n  a n t ig e n s  in c lu d in g  bov ine  g a m m a  g lo b u lin  (107, 108), 

h u m a n  g a m m a  g lo b u lin  (108), bov ine  s e r u m  a lb u m in  (109, 110), 

p o ly s a c c h a r id e  (Vi) a n t ig e n  (111) an d  s h e e p  e r y th r o c y te s

(110, 112-114). H o w e v e r  a n t ib o d y  r e s p o n s e s  to  p ig  

e r y t h r o c y t e s ,  sy n th e t ic  p o ly p e p t id e s  (115) an d  k ey h o le  l im p e t  

h a e m o c y a n in  (110) a r e  s i m i l a r  to  th o s e  in  o th e r  s t r a i n s  o f  m ic e .

3. T o l e r a n c e  to  bovine  a n d  h u m a n  g a m m a  g lo b u lin s  (107a , 107,

108) a n d  bov ine  s e r u m  a lb u m in  (109) is  d if f icu l t  to  in d u c e ,  

a n d  n e o n a ta l ly  in d u c ed  to l e r a n c e  f a i l s  to  p e r s i s t  (108, 116).



A n tib o d y  r e s p o n s e s  to  sy n th e t ic  p o ly n u c le o t id e s  (p o ly in o s in ic -  

p o ly c y t id i l ic ,  an d  p o ly a d e n y l ic - p o ly u r id y l ic  a c id s )  a r e  e x c e s s iv e  

(41 , 117) an d  th e s e  a g e n ts  a l s o  a c c e l e r a t e  th e  a p p e a r a n c e  of 

n a tu r a l ly  o c c u r r in g  n u c le ic  a c id  a n t ib o d ie s  (41, 118).

W ith  in c r e a s i n g  ag e  t h e r e  is  a n  a c c e l e r a t e d  re d u c t io n  in  th y m ic  

fu nc tion , c o m p a r e d  to o th e r  s t r a i n s  o f  m ic e ,  a s  show n by

a) T o l e r a n c e  to s h e e p  e r y th r o c y te s  in d u c e d  by  t h e i r  

c o n c o m i ta n t  a d m i n i s t r a t i o n  w ith  c y c lo p h o s p h a m id e  co u ld

be  t r a n s f e r r e d  to  i r r a d i a t e d  d o n o rs  by  th y m u s  a n d  bone m a r r o w  

c e l l s  of C 5 7 B L /6  m ic e ,  an d  bone m a r r o w  c e l l s  of BW F^ m ic e .  

H o w e v e r  th y m u s  c e l l s  f r o m  to l e r a n t  BW F^ m ic e  fa i le d  to  

in d u c e  to l e r a n c e  in  r e c ip ie n t  m ic e  (119).

b) It i s  now w e ll  d o c u m e n te d  th a t  th e  p r e s e n c e  o f  th e  th y m u s  

i s  n e c e s s a r y  fo r  e s c a p e  f r o m  a  p r e v io u s ly  e s t a b l i s h e d  s ta t e  of 

t o l e r a n c e  to  o c c u r  (1 2 0 -1 2 3 ) .  S tu d ie s  of BW F^ m ic e  have  

show n th a t  th y m u s  g r a f t s  f r o m  o ld  m ic e  g iven  w ith  bone m a r r o w  

c e l l s  f r o m  young m ic e ,  f a i le d  to  p r o m o te  th e  e s c a p e  of t o l e r a n c e  

to  bov ine  g a m m a  g lo b u lin  in  i r r a d i a t e d  r e c ip i e n t s ,  w h e r e a s  

young th y m u s  g r a f t s  g iven  w ith  young  bone  m a r r o w  c e l l s  e n a b le d  

s u c h  e s c a p e  to  o c c u r  (108).

c) S p leen  c e l l s  f r o m  o ld e r  m ic e  a r e  l e s s  e f f ic ie n t  in  th e  in d u c t io n  

of g r a f t - v e r s u s - h o s t  d i s e a s e  (124, 125).

d) T he  r e s p o n s e  o f  s p le e n  c e l l s  to  th e  m i to g e n ic  a g e n t ,  p h y to ­

ha  e m a g g lu t in in  i s  r e d u c e d  in  o ld e r  m ic e  (126, 127).

e) Old m ic e  a r e  u n a b le  to  r e j e c t  M o lo n ey  s a r c o m a  v i r u s  in d u c ed  

tu m o u r s  (128).



(f) Im m u n e  r e s p o n s e s  to  sh ee p  e r y t h r o c y t e s  a r e  

i m p a i r e d  in  o ld  m ic e  (112, 129, 129a).

T h is  h o s t  of im m u n o lo g ic a l  p e c u l i a r i t i e s  m a y  be  e x p la in e d  

b y  an  im b a la n c e  b e tw ee n  th y m u s  an d  bone m a r r o w  c e l l  p o p u la t io n s .

A d e f ic ie n c y  of th y m u s  c e l l  p r e c u r s o r s  w ould  a c c o u n t  f o r  the  

a b n o r m a l i t i e s  of th y m ic  fu n c t io n ,  an d  an e x c e s s  of bone  m a r r o w  

s t e m  c e l l s  w ou ld  ex p la in  th e  g e n e r a l i s e d  im m u n o lo g ic a l  h y p e r - 

r e s p o n s i v e n e s s .  S o p h is t ic a te d  c e l l  t r a n s f e r  e x p e r im e n t s  h a v e  

r e c e n t l y  s u g g e s te d  th a t  t h i s  in  f a c t  i s  th e  c a s e  (108, 130, 131).

O v e r  th e  y e a r s ,  m a c r o p h a g e s  h a v e  b e e n  g iven  r o l e s  of 

v a ry in g  im m u n o lo g ic a l  im p o r t a n c e .  M etch n ik o ff  in  1899 (132), 

r e p o r t e d  th a t  th e  p h a g o c y t ic  c e l l s  of the  l i v e r ,  (K upffer  c e l l s ) ,  

ly m p h o id  t i s s u e ,  sp le e n  an d  p e r i to n e u m  ( m a c ro p h a g e s ) ,  p h a g o c y to s e  

p a r t i c u l a t e  m a t e r i a l ,  l iv e  c e l l s  and  fo r e ig n  p r o t e i n s .  In  th e  

1 9 2 0 's  and  1 9 3 0 's ,  i t  w a s  th o u g h t th a t  m a c r o p h a g e s  th e m s e lv e s  

n o t  on ly  p h a g o c y to s e d  a n t ig e n ,  bu t a l s o  s y n th e s i s e d  a n t ib o d y  (229). 

I n t e r e s t  in  t h e i r  im p o r t a n c e  d w in d led  w ith  th e  d i s c o v e r y  th a t  

ly m p h o c y te s  an d  p l a s m a  c e l l s  w e r e  in v o lv e d  in  an tib o d y  r e s p o n s e s .  

H o w e v e r ,  th e  c o n t r o v e r s i a l  o b s e r v a t io n s  of F i s h m a n  and  A d le r  

in  th e  e a r l y  1960fs (148, 230, 231), sho w ed  th a t  a n t ib o d y  to  

T 4  p h a g e  w as  n o t  p ro d u c e d  b y  e x p o s u r e  of ly m p h o c y te s  to  a n t ig e n ,  

w h e r e a s  e x t r a c t s  of m a c r o p h a g e s  w h ich  h a d  p r e v io u s ly  p h a g o c y to s e d  

T 4  p h a g e  w e r e  h ig h ly  im m u n o g e n ic .  T h e s e  e x p e r im e n t s  w e r e  

im p o r t a n t  a s  th e y  f o c u s s e d  a t te n t io n  upon th e  p o s s ib le  r o l e  of



a n t ig e n  p r o c e s s in g  by  m a c r o p h a g e s  a s  an  e s s e n t i a l  s te p  in  im m u n e  

re c o g n i t io n .  S in ce  th en  f u r t h e r  e x p e r im e n t a l  d a ta  h a v e  shown 

th a t  th is  i n t e r p r e t a t i o n  w a s  n o t  c o m p le te ly  c o r r e c t .  C e r t a i n ly  

ly m p h o c y te s  do i n t e r a c t  w ith  m a c r o p h a g e  bound  a n t ig e n s  bu t 

s o m e t im e s  th is  in t e r a c t io n  m a y  no t b e  r e q u i r e d ,  and  m a y  no t  n e e d  

a n t ig e n  p r o c e s s in g .  T h e  ro le  of the  m a c r o p h a g e  in  im m u n o g e n e s i s  

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

im p o r t a n t  in  c e l l  m e d ia te d  im m u n e  r e a c t i o n s  (232), a n d  a s  a n o n ­

s p e c i f ic  d e fen ce  m e c h a n i s m  in  h o s t  r e s i s t a n c e  to  b a c t e r i a l  and  

v i r a l  in fe c t io n s  (233).

T he  r o l e  of m a c r o p h a g e s  in  the  t r i g g e r i n g  of an  im m u n e  r e s p o n s e  

h a s  b e en  e s t a b l i s h e d  u s in g  both  in  v ivo  an d  in  v i t r o  te c h n iq u e s .

E a r l y  w o r k e r s  w e r e  ab le  to  t r a c e  the  t i s s u e  lo c a l i s a t io n  of 

a n t ig e n s  e i th e r  by  t r a c e  la b e l l in g  th e m ,  an d  s tu d y in g  the  

d i s t r i b u t io n  of r a d io a c t iv i ty  in  th e  t i s s u e s ,  o r  by  p r e p a r i n g  t i s s u e  

e x t r a c t s  an d  a s s e s s i n g  t h e i r  im m u n o g e n ic i ty  (134, 135, 234, 255). 

T h e s e  s tu d ie s  r e v e a l e d  th a t  im m u n o g e n ic  m a t e r i a l  p e r s i s t e d  in ,  

a n d  cou ld  be  e x t r a c t e d  f r o m  t i s s u e s  m a n y  w e e k s  o r  m o n th s  a f t e r  

in je c t io n .  T h e  a n t ig e n ic  m a t e r i a l  w a s  b e l ie v e d  to b e  a s s o c i a t e d  

w i th  RNA. A u to ra d io g ra p h y  an d  im m u n o f lu o r e s c e n c e  h a v e  b e e n  

e m p lo y e d  a s  b e t t e r  m e th o d s  f o r  th e  d e te c t io n  o f  t i s s u e  bound  

a n t ig e n s  (236). F l u o r e s c e n c e  i s  a c c u r a t e ,  b u t  no t  s u f f ic ie n t ly  

s e n s i t iv e  to  d e te c t  a  s m a l l  n u m b e r  of a n t ig e n  m o le c u le s ,  h e n c e  

th e  u s e  of r a d io a c t iv e ly  la b e l l e d  a n t ig e n s  of h ig h  s p e c i f ic  a c t iv i ty



h a s  b e c o m e  th e  m e th o d  of c h o ice  (138, 139). F r o m  th e  a n t ig e n  

t r a c in g  s tu d ie s ,  two m a in  s i t e s  of a n t ig e n  t r a p p in g  in  ly m p h  n o d e s  

w e re  id e n t i f ie d :  th e  f i r s t  w as  in  th e  m a c r o p h a g e s  of the  m e d u l la  

and  p e r i f o l l i c u l a r  z o n e s  of th e  ly m p h  n o d e s ,  o r  the  p e r i f o l l i c u l a r  

o r  m a r g i n a l  z o n e s  of th e  sp le e n ,  an d  th e  s e c o n d  w a s  a s s o c i a t e d  

w ith  the  ly m p h o id  f o l l i c l e s .  A t the  f i r s t  s i te  the  a n t ig e n  w as  

ta k e n  up by  c e l l s  m o r p h o lo g ic a l ly  s i m i l a r  to  m a c r o p h a g e s  i s o la t e d  

f r o m  th e  bone m a r r o w  o r  th e  p e r i t o n e a l  c a v i ty  an d  w a s  lo c a l i s e d  

in  th e  p h a g o ly s o s o m e s .  T he  d i s t r ib u t io n  w as  s i m i l a r  in  t o l e r a n t  

and  n o r m a l  a n im a l s  (237, 238). T he  a n t ig e n  w as  r a p id ly  

c a ta b o l i s e d  (144) so th a t  a f t e r  a  few  d a y s ,  i t  w as  d if f ic u l t  to 

d e m o n s t r a t e .  In th e  s e c o n d  s i te ,  the  ly m p h o id  fo l l i c le ,  the  

a n t ig e n  a p p e a r e d  to be  bound  on ly  to the  s u r f a c e  of the  d e n d r i t i c  

m a c r o p h a g e ,  a n d  th i s  w a s  m a r k e d ly  e n h a n c e d  in  im m u n e  a n im a l s  (138, 

239, 240). H u m p h re y  a n d  F r a n k s  (237) sho w ed  th a t  f o l l i c u la r  

lo c a l i s a t io n  of a n t ig e n  d id  n o t  o c c u r  in  t o l e r a n t  a n im a l s ,  w h e r e a s  

a t  th e  s a m e  t im e  m e d u l l a r y  m a c r o p h a g e s  w e r e  u n a f fe c te d .  In  

n o r m a l  a n im a l s ,  f o l l i c u l a r  lo c a l i s a t io n  d id  n o t  o c c u r  u n t i l  s e v e r a l  

d a y s  a f t e r  a n t ig e n  a d m in i s t r a t i o n  w hen a n t ib o d y  s y n th e s i s  h a s  

s t a r t e d .  A c o m b in a t io n  of a u to r a d io g r a p h y  an d  im m u n o f lu o r e s c e n c e  

h a s  show n th a t  bo th  a n t ig e n  an d  im m u n o g lo b u l in  w e r e  p r e s e n t  on 

th e  s a m e  s i t e s  in  the  fo l l i c l e s  (241). F u r t h e r  e v id e n c e  show ed  

th a t  th e  f o l l i c u la r  l o c a l i s a t io n  of a n t ig e n  w a s  a s s o c i a t e d  w ith  the  

p r e s e n c e  of the  F c  p o r t i o n  of th e  Ig  m o le c u le ,  an d  C 3 w a s  id e n t i f ie d  

in  th e  s a m e  a r e a  (244). T h is  e v id e n c e  s u p p o r t s  the  v iew  th a t
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a n t ig e n  in  th e  f o l l i c le s  i s  in  the  f o r m  of an  im m u n e  co m p le x .

A n tig e n  p e r s i s t s  f o r  long p e r io d s  in  th e  f o l l i c l e s ,  a n d  w h e r e a s  

th e  e x t r a f o l l i c u l a r  an t ig e n  t r a p p in g  m e c h a n i s m  i s  r e s i s t a n t  to 

X - i r r a d i a t i o n  (239, 245), the  f o l l i c u la r  m e c h a n i s m  i s  h ig h ly  

s e n s i t iv e  (245-247). T he  m e c h a n i s m  w h e re b y  th e  a n t ig e n  

a n t ib o d y  c o m p le x e s  e n t e r  the  fo l l ic le  i s  unknown, bu t  th e y  cou ld  

e n t e r  .e i th e r  a s  f r e e  c o m p le x e s  o r  a l r e a d y  bound  to  c e l l  m e m b r a n e s .  

W hite  a n d  h i s  c o l l e a g u r e s  h a v e  p r e s e n t e d  e v id e n c e  th a t  th e  l a t t e r  

m e c h a n i s m  o c c u r s  in  the  c h ick en  sp le e n  (248), an d  N o s s a l  (249) 

h a s  p r o v id e d  e v id en c e  th a t  a  s i m i l a r  p r o c e s s  o c c u r s  in  the  

m a m m a l i a n  s p le e n .  T h e  a s s o c i a t i o n  b e tw e e n  the  f o l l i c u la r  

an d  e x t r a f o l l i c u l a r  an tig e n  t r a p p in g  m e c h a n i s m s  a n d  the  im m u n e  

r e s p o n s e  i s  unknown. H o w ev e r ,  a s  th e  e x t r a f o l l i c u l a r  

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

(250, 251), an d  a n t ig e n  bound  to  p e r i t o n e a l  m a c r o p h a g e s  i s  i m m u n o ­

g e n ic ,  i t  h a s  b e e n  a s s u m e d  th a t  a n t ig e n  bound  to  th e  e x t r a f o l l i c u l a r  

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

B e c a u s e  a n t ig e n  d o es  n o t  e n t e r  the  fo l l i c l e s  b e f o r e  im m u n i ty  h a s  

o c c u r r e d ,  a n d  a s  i t  p e r s i s t s  f o r  long  p e r i o d s ,  i t  i s  n o t  u n re a s o n a b le  

to  a s s u m e  th a t  i t  m a y  be  a m e c h a n i s m  f o r  th e  m a in te n a n c e  of 

im m u n o lo g ic a l  m e m o r y ,  a l th o u g h  th i s  i s  p u r e ly  h y p o th e s i s .

I t  h a s  b e e n  know n f o r  m a n y  y e a r s  th a t  a n t ig e n ic  m a t e r i a l  

p e r s i s t s  in  th e  t i s s u e s  f o r  r e l a t i v e ly  long p e r i o d s  of t im e  a f t e r  

i n i t i a l  a n t ig e n  e x p o s u r e ,  an d  t i s s u e  e x t r a c t s  m a d e  d a y s  o r  w e ek s  

a f t e r  in je c t io n  p ro v o k e d  sp e c i f ic  im m u n e  r e s p o n s e s  w hen  in je c te d
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in to  a  s ec o n d  a n im a l .  L a t e r  m o r e  s o p h i s t i c a te d  e x p e r im e n t s  

c o n f i r m e d  th e s e  e a r l y  o b s e r v a t io n s .  T h e s e  e x p e r im e n t s  a r e  

a s  fo l lo w s :

1) M o u se  ly m p h o c y te s  p r e v io u s ly  p r i m e d  w ith  h u m a n  a lb u m in  

m a d e  an tib o d y  w hen in j e c t e d  in to  im m u n o lo g ic a l ly  in c o m p e te n t  

m ic e  w h ich  h a d  p r e v io u s ly  r e c e iv e d  the  s a m e  a n t ig e n  (252).

U sing  th is  s a m e  s y s t e m  i t  h a s  b e en  shown th a t  im m u n o g e n s  f r o m  

s h e e p  e r y th r o c y te s ,  E .  co li  l i p o p o ly s a c c h a r id e  and  h u m a n  a lb u m in  

p e r s i s t e d  fo r  14 d a y s ,  45 d ay s  an d  \ l \  h o u r s  r e s p e c t i v e l y  (253- 

254).

2) T h e  f a c t  th a t  a n t ib o d y  can  b lo ck  im m u n e  r e s p o n s e s  a t  the  

l e v e l  of th e  a n t ig e n ic  s t im u lu s ,  h a s  a l s o  b e e n  u s e d  to  s tu d y  

a n t ig e n ic  p e r s i s t a n c e .  F o r  in s t a n c e  B r i t to n  an d  M o l le r  (255) 

w e r e  a b le  to  show  th e  p e r s i s t a n c e  of E .  c o l i  l ip o p o ly s a c c h a r id e  

in  m ic e  f o r  up to  50 d a y s  a f t e r  im m u n is a t io n ,  a n d  G r a f  and  U h r  

(256), by  re m o v in g  s p e c i f ic  a n t i - a lb u m in  an t ib o d y  b y  p l a s m o p h o r e s i s  

a f t e r  2 to  3 w e e k s ,  found th a t  an t ib o d y  l e v e l s  r o s e ,  p r o b a b ly  a s  a  

r e s u l t  of p e r s i s t a n c e  of a n t ig e n ic  m a t e r i a l .

T h e  s i te  w h e r e  im m u n o g e n ic  m a t e r i a l  p e r s i s t s  h a s  n o t y e t  b e e n  

d e te r m in e d ,  b u t  p o s s i b i l i t i e s  in c lu d e  the  d e n d r i t i c  c e l l s ,  e x t r a ­

f o l l i c u l a r  m a c r o p h a g e s  an d  p o s s ib ly  o th e r  c e l l s .  U sin g  th e  

m a c r o p h a g e  t r a n s f e r  s y s t e m  im m u n o g e n s  h a v e  b e e n  show n to

p e r s i s t  in  m a c r o p h a g e s  f o r  a t  l e a s t  3 w e e k s  (257), a n d  M itc h is o n  

(258) h a s  i s o l a t e d  c e l l s  c o n ta in in g  a n t ig e n  f r o m  m o u s e  s p le e n s  fo r  

up to  7 m o n th s  a f t e r  a n t ig e n  in je c t io n .  T h e  a c tu a l  a m o u n t  of
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a n t ig e n ic  m a t e r i a l  w h ich  p e r s i s t s  i s  e x t r e m e l y  s m a l l ,  a p p r o x im a te ly  

0. 001% of the  in je c te d  d o s e .

A lth o u g h  the  above  e x p e r im e n t s  l e a v e  no  doubt th a t  im m u n o g e n ic  

m a t e r i a l  d o es  p e r s i s t  in  th e  t i s s u e s  f o r  p ro lo n g e d  p e r io d s  of t im e ,  

w h e th e r  i t  s e r v e s  an y  u s e fu l  fu n c tio n  i s  n o t  a t  a l l  c l e a r .  H o w ev e r  

t h e r e  i s  th e  p o s s ib i l i ty  th a t  i t  m a y  p la y  a r o le  in  the  in d u c t io n  and  

m a in te n a n c e  of im m u n o lo g ic a l  m e m o r y .  T h e r e  i s  e v id e n c e  both  

f o r  and  a g a in s t  th is  h y p o th e s i s .  C e la d a  (259) show ed , u s in g  

h u m a n  a lb u m in  a s  th e  a n t ig e n  in  the  ly m p h o c y te  t r a n s f e r  s y s t e m  

of M itc h iso n  (258) ( d e s c r i b e d  e a r l i e r ) ,  th a t  im m u n o lo g ic a l  m e m o r y  

d e c l in e d  w ith  a  h a l f - l i f e  of 15 d a y s  d u r in g  th e  f i r s t  m o n th  an d

i

100 d ay s  t h e r e a f t e r ,  w h e r e a s  th e  im m u n o g e n ic i ty  of th e  s a m e  

a n t ig e n  in  v ivo h a d  a  h a l f - l i f e  of 17^ h o u r s .  H en ce  th e  m e m o r y  

r e s p o n s e  to  a lb u m in  d id  n o t  a p p e a r  to  d ep en d  upon th e  p r e s e n c e  

of r e t a in e d  a n t ig e n .  H o w e v e r ,  o p t im a l  im m u n o lo g ic a l  m e m o r y  

to  h a e m o c y a m in  r e q u i r e d  th e  a n t ig e n  to  be  p r e s e n t  f o r  a t  l e a s t  

3 to  4 w e e k s ,  a s  ju d g ed  by  th e  a d m in i s t r a t i o n  of p a s s i v e  an tib o d y  

(260). T h e  r o le  f o r  a n t ig e n  p e r s i s t a n c e  in  th e  p ro d u c t io n  of 

im m u n o lo g ic a l  m e m o r y  i s  th u s  n o t  a s  y e t  e s t a b l i s h e d ,  a lth o u g h  i t  

m a y  b e  im p o r t a n t  f o r  s o m e  bu t  n o t  a l l  a n t ig e n s .

I t  i s  now  a c c e p te d  th a t  t h e r e  i s  an  a s s o c i a t i o n  b e tw e e n  the  

d e g r e e  of u p take  of a n t ig e n  by  m a c r o p h a g e s  of the  ly m p h o id  

o r g a n s  an d  im m u n o g e n ic i ty .  F o r  i n s t a n c e  p a r t i c u l a t e  a n t ig e n s  

s u c h  a s  r e d  c e l l s  and  b a c t e r i a  w h ich  a r e  r a p id ly  p h a g o c y to s e d ,  

p ro v o k e  e x t r e m e l y  good im m u n e  r e s p o n s e s  e a s i ly ,  w h e r e a s
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so lu b le  a n t ig e n s  such  a s  p r o t e in s  and  p o l y s a c c h a r id e s  a r e  

r e m o v e d  s lo w ly  f r o m  th e  b lo o d  an d  a r e  p o o r  im m u n o g e n s .

T h e  b e s t  e x a m p le  of the  r e l a t io n s h ip  b e tw e e n  th e  r a t e  of u p take  

of a n t ig e n  and  im m u n o g e n ic i ty  c o m e s  f r o m  s tu d ie s  of p r o te in  

a n t ig e n s  ( g e n e r a l ly  a lb u m in  an d  g a m m a g lo b u l in )  w h ich  d i f f e r  in  

t h e i r  s t a t e s  of p o ly m e r i s a t i o n  (180, 2 6 1 -2 6 5 ) .  F o l lo w in g  

in je c t io n  in to  a n im a l s ,  p o ly m e r s  a r e  r a p id ly  ta k e n  up by  

m a c r o p h a g e s ,  w h e r e a s  th e  m o n o m e r  i s  on ly  s lo w ly  re m o v e d .  

R e m o v a l  of p o ly m e r  by  u l t r a c e n t r i f u g a t io n  (261, 262) o r  by  

b io lo g ic a l  f i l t r a t i o n  (180, 263) r e s u l t s  in  a  s ig n i f ic a n t  re d u c t io n  

in  im m u n o g e n ic i ty .  F u r t h e r m o r e ,  s in g le  o r  r e p e a t e d  in je c t io n  

of m o n o m e r  m a y  in d u c e  im m u n o lo g ic a l  t o l e r a n c e  (180, 261, 263, 

264, 266). In  c o n t r a s t  th e  p o ly m e r i c  f o r m s  of t h e s e  p r o t e in s  

a r e  h ig h ly  im m u n o g e n ic  (267, 268). A s  a  r e s u l t  of th e s e  

o b s e r v a t io n s ,  th e  " d i r e c t  a c c e s s "  t h e o r y  of t o l e r a n c e  w as  

p r o p o s e d  b y  D r e s s e r  an d  M itc h iso n  (266). T h is  th e o r y  s u g g e s ts  

t h a t  p o ly m e r  w h ich  i s  r a p id ly  ta k e n  up b y  m a c r o p h a g e s  b e c o m e s  

im m u n o g e n ic ,  w h e r e a s  m o n o m e r  w h ich  i s  p o o r ly  p h a g o c y to s e d  

m a y  c o m e  d i r e c t ly  in to  c o n ta c t  w ith  ly m p h o c y te s  and  in d u c e  

t o l e r a n c e .  E v id e n c e  in  f a v o u r  of th i s  th e o r y  c a m e  f r o m  

m a c r o p h a g e  t r a n s f e r  e x p e r im e n t s ,  in  w h ich  a n t ig e n  bound  to  

m a c r o p h a g e s  i s  h ig h ly  im m u n o g e n ic  in  sy n g e n e ic  u n - im m u n is e d  

r e c i p i e n t s .  H o w e v e r  i t  i s  p o s s ib le  th a t  p o l y m e r s  cou ld  be  

r e m o v e d  r a p id ly  f r o m  th e  c i r c u la t io n  and  be  t r a p p e d  in  ly m p h o id  

t i s s u e ,  n o t  n e c e s s a r i l y  th e  r e t i c u lo e n d o th e l i a l  s y s t e m ,  and  th u s



a c t  a s  th e  s t im u lu s  of an  im m u n e  r e s p o n s e  a s  th e  a n t ig e n  i s  

a v a i l a b le  to  r e a c t  w ith  ly m p h o c y te s .

F u r t h e r  e v id en ce  in  f a v o u r  of an  i m p o r t a n t  ro le  fo r  

m a c r o p h a g e s  in  the  in d u c t io n  of the  im m u n e  r e s p o n s e  c a m e  f r o m  

e x p e r im e n t s  in  w hich  th e  fu n c tio n  of th e  m a c r o p h a g e  h a s  b een  

s p e c i f i c a l ly  d e p r e s s e d ,  e i t h e r  by  th e  in d u c t io n  of r e t i c u l o ­

e n d o th e l ia l  b lo ck ad e  (269-273) o r  th e  a c t io n  of s p e c if ic  a n t i -  

m a c r o p h a g e  an tibody . R e t ic u lo e n d o th e l ia l  b lo c k a d e  i s  the  t e r m  

u s e d  w hen  the  r e t i c u lo e n d o th e l i a l  s y s te m  h a s  b e e n  o v e r lo a d e d  w ith  

a  g iven  co llo id ,  and  can  be  m e a s u r e d  by  e s t im a t in g  th e  r a t e  of 

c l e a r a n c e  of a t e s t  c o llo id  f r o m  th e  c i r c u la t io n .  M any  of the  

s tu d ie s  on im m u n e  r e s p o n s e s  d u r in g  r e t i c u lo e n d o th e l i a l  b lo c k a d e  

h a v e  s u f f e re d  f r o m  the  f a c t  th a t  b lo c k a d e  i s  n e v e r  c o m p le te ,  i t s  

d u ra t io n  i s  v a r i a b le ,  f r o m  f ive  h o u r s  only  f o r  s a c c h a r a t e d  i r o n  

ox ide  (274) to 3 d ay s  f o r  c o l lo id a l  carbon , an d  b lo c k a d e  in d u c e d  

by  so m e  co llo id s  i s  fo l lo w ed  by  a  p e r io d  of h y p e r p h a g o c y to s i s .  

T h u s ,  th e  r e s u l t s  of m a n y  of th e  s tu d ie s  to  d a te  a r e  of doub tfu l 

v a lu e  and  d if f icu l t  to  i n t e r p r e t .  In  f a c t ,  b lo c k a d e  h a s  s o m e t im e s  

r e s u l t e d  in  i n c r e a s e d  a n t ib o d y  f o r m a t io n  (2 7 5 -2 7 7 ) .  M o re  

c a r e f u l ly  c o n t ro l le d  s tu d ie s  h a v e  r e c e n t ly  shown th a t  th e  a n t ib o d y  

r e s p o n s e  to  sh ee p  e r y th r o c y te s  in  m ic e  w a s  s ig n i f ic a n t ly  i m p a i r e d  

a s  a  r e s u l t  of r e t i c u lo e n d o th e l i a l  b lo c k a d e  b y  e i t h e r  c o l lo id  c a rb o n  

o r  e th y l  s t e a r a t e  (273, 278, 279). C a r a g e e n in ,  a  h ig h  m o l e c u l a r  

w e ig h t  p o ly g a la c to s e  w h ich  i s  s p e c i f ic a l ly  c y to to x ic  fo r  m a c r o p h a g e  

w hen  a d m in i s t e r e d  to u n s e n s i t i s e d  gu in ea  p ig s ,  le d  to  d e p r e s s e d  

c e l l  m e d ia te d  im m u n e  r e s p o n s e s  (280).
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A n t im a c ro p h a g e  an tib o d y  w h ich  h a s  b e en  shown to  d e p r e s s  

th e  p h a g o c y tic  a c t iv i ty  of m a c r o p h a g e s  bo th  in  v ivo  (281) and  

in  v i t r o  (281 -284), h a s  b e en  u s e d  to  h e lp  e v a lu a te  th e  r o l e  of 

m a c r o p h a g e s  in  im m u n e  r e s p o n s e s ,  a l th o u g h  w ith  r a t h e r  

v a r i a b l e  r e s u l t s .  U sing  a n t im a c r o p h a g e  s e r u m  of u n r e c o r d e d  

s p e c i f ic i ty ,  i t  w as  r e p o r t e d  th a t  i t s  c o n c o m i ta n t  a d m in i s t r a t i o n  

w ith  an t ig e n  r e s u l t e d  in  d e p r e s s io n  of th e  im m u n e  r e s p o n s e  (283, 

285). One shou ld  be  c a u t io u s  in  th e  e v a lu a t io n  of th e s e  r e s u l t s  

b e c a u s e  a p a r t  f r o m  the  unknown s p e c i f ic i ty  of the  an tib o d y , 

n o r m a l  s e r u m  h a s  b een  shown to  d e p r e s s  im m u n e  r e s p o n s e s  (286). 

C a r e f u l  s tu d ie s  h a v e  co n c lu d ed  th a t  a n t im a c r o p h a g e  a n t i s e r u m  

la c k s  a  c o n s i s t e n t  im m u n o s u p p r e s s iv e  e f fe c t  (283, 286, 287). 

T h e s e  f in d in g s  do n o t  h o w e v e r  r e d u c e  the  s ig n i f ic a n c e  of th e  ro le  

of m a c r o p h a g e s  in  th e  in d u c tio n  of th e  im m u n e  r e s p o n s e ,  a s  i t  i s  

p o s s ib le  th a t  a n t im a c r o p h a g e  s e r u m  in  the  d o s e s  u s e d  d id  n o t  

r e a c h  the  t i s s u e s  in  a d e q u a te  c o n c e n t r a t io n ,  o r  f o r  an  a d e q u a te  

p e r i o d  of t im e  to  b lo ck  m a c r o p h a g e  fu n c tio n .  A s  a  c o m p a r i s o n ,  

a n t i ly m p h o c y te  s e r u m  p r o d u c e s  i t s  p ro fo u n d  im m u n o s u p p r e s s iv e  

e f fe c t  b e c a u s e  i t  o p s o n is e s  c i r c u la t in g  ly m p h o c y te s  (288).

A g a in s t  th i s  a r g u m e n t  h o w e v e r  i s  th e  o b s e r v a t io n  th a t  a n t i ­

m a c r o p h a g e  s e r u m  d o es  d e p r e s s  the  p h a g o c y t ic  in d e x ,  p o te n t i a t e s  

v i r u s  in fe c t io n s  in  w hich  th e  d e g r e e  of v i r a e m i a  d e p en d s  upon th e  

a b i l i ty  of the  m a c r o p h a g e s  to  r e m o v e  v i r u s  f r o m  th e  b lo o d  (281).

I h a v e  a l r e a d y  m e n t io n e d  the  u s e  of the  m a c r o p h a g e  t r a n s f e r  

s y s t e m  in  e v a lu a t in g  m a c r o p h a g e  fu n c tio n .  T h e  s y s t e m  c o n s i s t s
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o£ i s o la t in g  m a c r o p h a g e s  co n ta in in g  a n t ig e n ,  w a sh in g  th e m  

e x te n s iv e ly  to  ge t r id  of f r e e  a n t ig e n ,  an d  t r a n s p l a n t in g  th e m  

in to  sy n g en e ic  h o s t s  (257, 2 8 9 -2 9 6 ) ,  a n d  th u s  th e  r o le  of 

m a c r o p h a g e  bound a n tig en  a lo n e  m a y  be  s tu d ie d .  T h e  a n t ig e n s  

u s e d  in  th is  s y s te m  h a v e  in c lu d e d  so lu b le  p r o t e i n s  su ch  a s  

a lb u m in s ,  im m u n o g lo b u l in ,  h a e m o c y a n in  an d  ly s o z y m e ,  o r  

p a r t i c u l a t e  a n t ig e n s  in c lu d in g  E .  c o l i , S h ig e l la e  an d  r e d  c e l l s .

T h e  u se  of r a d io a c t iv e ly  l a b e l le d  a n t ig e n s  h a s  a l lo w e d  th e  d o se  

* of an tig e n  bound to  the  m a c r o p h a g e s  to  be  e v a lu a te d  b e f o r e  t r a n s f e r .  

U s in g  th is  s y s te m  i t  h a s  b e en  e s t a b l i s h e d  th a t  ly m p h o c y te s  a r e  

n e c e s s a r y  to  i n t e r a c t  w ith  a n t ig e n  an d  t r i g g e r  an im m u n e  r e s p o n s e ,  

an d  th a t  m a c r o p h a g e s  th e m s e lv e s  do n o t  s y n th e s i s e  an tib o d y .

T h e  e x p e r im e n t s  on w h ich  th e s e  c o n c lu s io n s  a r e  b a s e d  a r e  the  

t r a n s f e r  of m a c r o p h a g e s  in to  i r r a d i a t e d  (257, 291, 297, 298) o r  

in to  im m u n o lo g ic a l ly  t o l e r a n t  r e c ip i e n t s  (294). I s o la t io n  of the  

m a c r o p h a g e s  in  an  i m p e r m e a b le  d if fu s io n  c h a m b e r  r e s u l t e d  in  

d im in is h e d  im m u n e  r e s p o n s e s ,  w h ich  s u g g e s t s  th a t  an  i n t im a te  

a s s o c ia t i o n  b e tw een  m a c r o p h a g e s  an d  ly m p h o c y te s  i s  r e q u i r e d  

f o r  o p t im a l  im m u n e  r e s p o n s e s  to  o c c u r  (257, 297). T h e  

m a c r o p h a g e s  u s e d  in  th e  t r a n s f e r  m u s t  be  v ia b le  an d  in je c te d  

in to  sy n g en e ic  r e c ip ie n t s  in  o r d e r  to  o b ta in  o p t im a l  a n tib o d y  

r e s p o n s e s  (257, 294). T h e  i m p o r t a n c e  of th e  t r a n s f e r r e d  c e l l s  

b e in g  m a c r o p h a g e s  i s  e m p h a s i s e d  b y  th e  o b s e r v a t io n  th a t  a n t ig e n  

bound  to  o th e r  c e l l s  (e. g. f i b r o b la s t s )  w as  p o o r ly  im m u n o g e n ic  (294). 

P r i m a r y  im m u n e  r e s p o n s e s ,  s e c o n d a r y  im m u n e  r e s p o n s e s ,  an d



15(h).

c e l l  m e d ia te d  im m u n i ty  (299, 300) h av e  a l l  b een  in d u c ed  by 

t r a n s f e r r i n g  a n tig en  bound to  l iv e  m a c r o p h a g e s .  T he  im m u n e  

r e s p o n s e s  to know n a m o u n ts  of an tig e n  g iven  e i t h e r  in  f r e e  o r  

bound  f o r m  h av e  b e en  c o m p a re d ;  p o o r ly  p h a g o c y to s e d  a n t ig e n s  

such  a s  a lb u m in  a r e  m o r e  im m u n o g e n ic  w hen g iven  in  the  bound 

f o r m  (257, 294, 295), w h e r e a s  w e ll  p h a g o c y to s e d  a n t ig e n s  su ch  

a s  e r y th r o c y te s  o r  k e y h o le  l im p e t  h a e m o c y a n in ,  a r e  m o r e  

im m u n o g e n ic  w hen g iven  in  the  f r e e  fo r m  (293, 297). T h e s e  

f in d in g s  m a y  be  e x p la in ed  by  a s s u m in g  th a t  the  c o n c e n t r a t io n  of 

w e l l  p h a g o c y to s e d  a n t ig e n s  w ith in  th e  ly m p h o id  t i s s u e s  i s  n o t 

en h a n c e d  when th e y  a r e  bound  to  m a c r o p h a g e s ,  w h e r e a s  p o o r ly  

p h a g o c y to s e d  a n t ig e n s  a r e  m o r e  c o n c e n t r a te d .  Im m u n e  m ic e  

p ro d u c e  s i m i l a r  an tibody  r e s p o n s e s  w h e th e r  the  a n t ig e n  i s  g iven  

in  th e  f r e e  o r  bound  f o r m  (294). T h is  s u g g e s ts  th a t  the  s m a l l  

a m o u n ts  of an tib o d y  p r e s e n t  in  p r i m e d  m ic e  s e r v e  to  c o n c e n t r a te  

th e  a n t ig e n ,  o r  a l t e r n a t iv e ly ,  im m u n e  m ic e  w ith  l a r g e  n u m b e r s  

of im m u n o c o m p e te n t  ly m p h o c y te s  a r e  n o t so  d e p en d e n t  upon 

a n t ig e n  c o n c e n t ra t in g  m e c h a n i s m s .

T h e  m a c r o p h a g e  t r a n s f e r  s y s te m  h a s  a l s o  b e en  u s e d  to  s tudy  

th e  i n t e r a c t i o n s  of m a c r o p h a g e s  w ith  T an d  B ly m p h o c y te s ,  and  

t h e i r  ro le  in  t o le r a n c e ,  the  p ro d u c t io n  of g e n e t ic a l ly  d e te r m in e d  

h igh  a n d  low an tib o d y  r e s p o n s e s  in  m ic e ,  an d  the  i m m u n o ­

s u p p r e s s io n  of X - i r r a d i a t i o n .  T h a t  m a c r o p h a g e s  can  r e a c t  

w ith  bo th  T an d  B c e l l s ,  h a s  been  shown by  the  fo llow ing  s e r i e s  

of e x p e r im e n t s :
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1) A n im a l  in je c te d  w ith  s u i ta b le  m a c r o p h a g e  bound  a n t ig e n s  

dev e lo p  c e l l  m e d ia te d  im m u n i ty  (299, 300). P r e s u m a b l y  th is  

r e p r e s e n t s  m a c r o p h a g e - T  c e l l  c o o p e r a t io n .

2) T h y m e c to m is e d  m ic e  d id  n o t  p ro d u c e  an t ib o d y  to  h a e m o c y a n in  

ev en  w hen the  an tig en  w as  bound  to  m a c r o p h a g e s .  T h e  m a c r o p h a g e s  

f r o m  the  th y m e c to m is e d  m ic e  h a n d le d  h a e m o c y a n in  n o r m a l l y  (301). 

A g a in  th is  r e f l e c t s  m a c r o p h a g e - T  c e l l  c o o p e ra t io n .

3) H a p te n - p r im e d  c e l l s  and  c a r r i e r  p r i m e d  c e l l s  r e s p o n d e d  to 

h a p t e n - c a r r i e r s  bound to sp le e n  m a c r o p h a g e s  (302) o r  p e r i t o n e a l  

m a c r o p h a g e s  (303). T he  c a r r i e r - p r i m e d  ly m p h o c y te s  a r e  p ro b a b ly  

th y m u s  d e r iv e d  w h e r e a s  th e  h a p t e n - p r i m e d  c e l l s  a r e  of bone  m a r r o w  

o r ig in .

M a c ro p h a g e s  f r o m  to l e r a n t  a n im a l s  ta k e  up a n t ig e n  n o r m a l l y  (237) 

an d  su ch  m a c r o p h a g e  bound  a n t ig e n  h a s  n o r m a l  im m u n o g e n ic i ty  when 

in je c te d  in to  n o r m a l  a n im a ls  (294) o r  in  an  in  v i t r o  s y s t e m  (304).

I t  i s  a p p a r e n t  th a t  an tig en  p r o c e s s i n g  b y  m a c r o p h a g e s  i s  a  p a th w a y  

f o r  im m u n o g e n ic i ty ,  and  n o t  t o l e r a n c e  in d u c t io n .  T h e r e  i s  h o w e v e r  

c o m p e t i t io n  b e tw een  the  to le r o g e n ic  f o r m  of an  a n t ig e n  an d  i t s  

im m u n o g e n ic  m a c r o p h a g e  bound  f o r m .  F o r  i n s t a n c e  S p i tz n a g a l  

a n d  A l l is o n  (295) in je c te d  b o v in e  s e r u m  a lb u m in  in  b o th  f r e e  and  

b o und  f o r m  to g e th e r  in to  sy n g e n e ic  m i c e .  M a c ro p h a g e  bound  

a n t ig e n  p ro d u c e d  good im m u n e  r e s p o n s e s  w h ich  w e r e  m a r k e d l y  

r e d u c e d  by  c o n c o m ita n t  a d m in i s t r a t i o n  of f r e e  a n t ig e n .  C e r t a i n  

i n b r e d  s t r a i n s  of m ic e  e x h ib i t  g e n e t i c a l ly  c o n t r o l l e d  im m u n o lo g ic a l  

h y p e r r e s p o n s i v e n e s s  o r  h y p o r e s p o n s iv e n e s s  to  e i t h e r  h a e m o c y a n in
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o r  the  sy n th e t ic  p o ly p e p t id e  p o ly  L - ( t y r o s i n e ,  g lu ta m ic  a c id ) -  • 

p o ly - D L - a l a n i n e - p o l y - L - l y s i n e  ( ( T G ) - A - - L ) .  M a c ro p h a g e  

bound  a n t ig e n s  f r o m  h y p e r -  and  h y p o r e s p o n d e r s  p o s s e s s e d  the  

s a m e  im m u n o g e n ic i ty  (193, 305).

T h e  im p o r ta n c e  of th e  m a c r o p h a g e  in  a n t ig e n ic  s t im u la t io n  

a s  shown by th e  p r e v io u s ly  o u t l in e d  e x p e r im e n t s  h a s  b e e n  r e ­

e m p h a s i s e d  d u r in g  in  v i t r o  s tu d ie s .  In  g e n e r a l  tw o in  v i t r o  

s y s t e m s  h a v e  b e e n  u s e d ,  the  a n tib o d y  f o r m in g  c e l l ,  o r  p la q u e  

f o r m in g  c e l l  a s s a y  to  fo r e ig n  e r y t h r o c y t e s ,  an d  the  p r o l i f e r a t i v e  

c e l l  r e s p o n s e  to  so lu b le  a n t ig e n s  o r  a l lo g e n e ic  c e l l s .  T h e  

a n t ib o d y  fo rm in g  c e l l  r e s p o n s e  i s  m e a s u r e d  in  two s i m i l a r  

s y s t e m s ,  th e  Mi s h e l l -D u t to n  (306) o r  M a r b ro o k  (307) s y s t e m s .  

B o th  s y s t e m s  e m p lo y  s p le e n  c e l l s  s u sp e n d e d  in  t i s s u e  c u l tu r e  

m e d iu m ,  and  the  p la q u e  fo r m in g  c e l l  (P F C )  r e s p o n s e  i s  m e a s u r e d  

a f t e r  4 o r  5 d a y s .  T h r e e  c e l l  ty p e s  h a v e  b e e n  id e n t i f i e d  a s  b e in g  

r e q u i r e d  f o r  th e  in  v ivo  p r i m a r y  a n t i e r y th r o c y te  r e s p o n s e .  Two 

of t h e s e  c e l l  ty p e s  a r e  ly m p h o c y te s ,  an d  c o r r e s p o n d  to  T an d  B 

c e l l s  an d  the  t h i r d  c e l l ,  on th e  b a s i s  of th e  fo llow ing  o b s e r v a t io n s ,  

a p p e a r s  to  be  u n l ik e ly  to  b e  an y  o th e r  c e l l  b u t  a  m a c r o p h a g e  (308- 

320).

1) T h e  c e l l  a d h e r e s  to  g la s s  o r  p l a s t i c  s u r f a c e s

2) I t  h a s  p h a g o c y t ic  p r o p e r t i e s

3) M o rp h o lo g ic a l ly  i t  i s  m a c r o p h a g e - l i k e

4) I t  i s  r a d i o r e s i s t a n t

5) I t  does  n o t  s y n th e s i s e  an tib o d y
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6) I t  i s  a f fe c te d  by  a g e n ts  w h ich  in d u c e  r e t ic u lo e n d o th e l i a l  

b lo c k ad e

7) I t  i s  a f f e c te d  by  s p e c i f ic  a n t im a c r o p h a g e  a n t i s e r u m

T he  im p o r t a n c e  of the  m a c r o p h a g e  in  in  v i t r o  a n t i e r y th r o c y te  

r e s p o n s e s  i s  g e n e r a l ly  a c c e p te d ,  y e t  a  g r e a t  c o n t r o v e r s y  e x i s t s  

a s  to  i t s  m o d e  of a c t io n .  T h r e e  p o s s ib le  m e c h a n i s m s  e x is t ;  

n o n e  of w h ich  a r e  m u tu a l ly  e x c lu s iv e :

1) An a n t ig e n  h a n d lin g  ro le

2) A r o le  in  w h ich  i t  f a c i l i t a t e s  c e l l  to  c e l l  i n t e r a c t i o n s  

i r r e s p e c t i v e  of a n t ig e n  h an d l in g  a b i l i ty

3) P r o v i s i o n  of e s s e n t i a l  n u t r i e n t s  o r  g ro w th  f a c t o r s

*

O r ig in a l ly  M o s ie r  (308) s u g g e s te d  th a t  e r y t h r o c y t e s  h a d  to  be 

c o m p le te ly  e n d o c y to s e d  b e f o r e  im m u n e  re c o g n i t io n  w as  p o s s ib le ,  

b u t  s in c e  th e n  e v id e n c e  h a s  b e e n  p r e s e n t e d  th a t  e r y th r o c y te s  

a d h e r e n t  to  th e  m a c r o p h a g e  s u r f a c e  a r e  h ig h ly  im m u n o g e n ic  (321). 

R e c e n t ,  a s  y e t  u n c o n f i rm e d ,  w o rk  show ed  th a t  m a c r o p h a g e  and  

e r y th r o c y te  f r e e  t i s s u e  c u l tu r e  s u p e r n a ta n t s  w e r e  a b le  to  s t im u la te  

a n  a n t i e r y th r o c y te  r e s p o n s e  by  th e  n o n - a d h e r e n t  c e l l s  ( ly m p h o cy te s )  

(318). I t  w as  though t th a t  the  m a c r o p h a g e  s e c r e t e d  c e r t a i n  

f a c t o r s ,  w h ich  w e r e  a b le  to  r e l e a s e  e r y th r o c y te  a n t ig e n s ,  c a p a b le  

of p ro v o k in g  an  im m u n e  r e s p o n s e  b y  ly m p h o c y te s .  T h e  im m u n e  

r e s p o n s e  in d u c e d  by  th e s e  s u p e r n a ta n t s  w as  h o w e v e r  o n ly  4% of 

th a t  of m a c r o p h a g e  bound  e r y t h r o c y t e s .

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

d e d u c e d  f r o m  m o r p h o lo g ic a l  s tu d ie s  of the  c e l l  c l u s t e r s  p r e s e n t



in  th e  Mi sh e l l -D u t to n  s y s t e m  a f t e r  2 4 -4 8  h o u r s .  C l u s t e r s  of 

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

a d h e r e n t  c e l l s  to  f o r m  th e s e  c l u s t e r s .  M any  of the  n o n ­

a d h e r e n t  c e l l s  in  the  c l u s t e r s  w e r e  p la q u e  f o r m in g  c e l l s  (309,

312). I n te r r u p t io n  of c l u s t e r  f o r m a t io n ,  b y  in t e r r u p t in g  th e  

c u l tu r e  a t  6 h o u r s ,  fo l lo w ed  by  m a in ta in in g  th e  c u l tu r e  in  a  

s t a t i o n a r y  s ta te  r a t h e r  th a n  ro c k in g ,  r e s u l t e d  in  the  f o r m a t io n  

of few  c l u s t e r s  and  few  p la q u e  fo r m in g  c e l l s  (312).

E v id e n c e  th a t  n u t r i t i o n a l  f a c t o r s  m a y  be  s u p p l ie d  by  m a c r o p h a g e  

h a s  b e e n  c o n c lu d ed  f r o m  e x p e r im e n t s  in  w hich  a d h e r e n t  sp le e n  c e l l  

t i s s u e  c u l tu r e  s u p e r n a ta n t s  p e r m i t t e d  n o n - a d h e r e n t  s p le e n  c e l l s  to 

r e s p o n d  to a n tig en  (314, 322). T he  f a c to r  h a s  n o t  y e t  b e en  

id e n t i f ie d ,  b u t w ould  p o s s ib ly  be  an  e n z y m e ,  an  a n t ib o d y - l ik e  

m o le c u le ,  o r  a m a c r o p h a g e  m o d if ie d  c u l tu r e  m e d iu m  f a c to r  (322).

T h e  ro le  of th e  m a c r o p h a g e  in  in  v i t r o  im m u n e  r e s p o n s e s  h a s  

r e c e n t l y  b e e n  so m e w h a t  c l a r i f i e d  b y  the  s tu d ie s  of S h o r tm a n  a n d  

P a l m a r  (318). T h e i r  s tu d ie s  s u g g e s t  th a t  in  v i t r o  m a c r o p h a g e s  

p la y  an  im p o r ta n t  r o le  in  a n t ig e n  h a n d l in g  r a t h e r  th a n  n u t r i e n t  

r o l e .  A n o th e r  i n t e r e s t i n g  r e s u l t  of t h e i r  e x p e r im e n t s  w as  th a t  

c e r t a i n  a n t ig e n s  e . g. p o l y m e r i s e d  f l a g e l l in  d id  n o t  r e q u i r e  

m a c r o p h a g e  p r o c e s s i n g ,  w h e r e a s  sh e e p  e r y t h r o c y t e s  d id .

T h e  o th e r  in  v i t r o  s y s t e m  s tu d ie d ,  th e  ly m p h o c y te  p r o l i f e r a t i o n  

s y s t e m ,  i s  a  s y s te m  in  w h ich  ly m p h o c y te s  f r o m  i m m u n i s e d  

h u m a n s  o r  a n im a ls  a r e  shown to  p r o l i f e r a t e  an  e x p o s u r e  to  a n t ig e n  

b y  m e a s u r i n g  the  u p tak e  of r a d io a c t iv e  DNA p r e c u r s o r s ,  o r
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cou n tin g  th e  n u m b e r  of b l a s t  c e l l s  in  a  s m e a r .  In  th i s  s y s te m  

a l s o ,  m a c r o p h a g e s  h av e  b e en  show n to be  n e c e s s a r y  f o r  

ly m p h o c y te  p r o l i f e r a t i o n  to  o c c u r  (323-327) an d  by  u s in g  p u r i f i e d  

p r e p a r a t i o n s  of bo th  m a c r o p h a g e s  and  ly m p h o c y te s ,  i t  h a s  b e en  

shown th a t  th e  an tig e n  i s  a b le  to  p ro v o k e  a  good p r o l i f e r a t i v e  

r e s p o n s e  w hen i t  i s  bound  to  the  m a c r o p h a g e s ,  w h e r e a s  the  

r e s p o n s e  to  the  so lu b le  a n t ig e n  w as  p o o r  (323, 325, 326, 328 -330) . 

I n t im a te  m a c r o p h a g e  ly m p h o c y te  c o n ta c t  w as  n e c e s s a r y ,  a s  

s e p a r a t io n  of ly m p h o c y te s  and  m a c r o p h a g e s  b y  a  m i l l i p o r e  

m e m b r a n e  m a r k e d ly  i m p a i r e d  th e  r e s p o n s e  (3 2 3 -329). A s  

found  in  th e  p r e v io u s ly  d e s c r i b e d  m a c r o p h a g e  t r a n s f e r  e x p e r im e n t s ,  

th e  m a c r o p h a g e s  in th is  s y s te m  h a d  to  be  v ia b le  (329) and  

m a c r o p h a g e s  f r o m  u n - im m u n is e d  an d  im m u n is e d  a n im a l s  w e r e  

e q u a l ly  e f fe c t iv e  (329, 330). C u l tu r e  f lu id  f r o m  m a c r o p h a g e  

c u l t u r e s  h a s  b e en  s u b s t i tu te d  s u c c e s s f u l ly  f o r  m a c r o p h a g e s  in  

th e  ly m p h o c y te  p r o l i f e r a t i v e  r e s p o n s e  to  a l lo g e n e ic  c e l l s  o r  

s o lu b le  a n t ig e n s  (331), a l th o u g h  e a r l i e r  w o r k e r s  w e r e  n o t  a b le  to  

d e m o n s t r a t e  th i s  e f fe c t  (329). T h is  i s  p r o b a b ly  b e c a u s e  of 

t e c h n i c a l  d i f f e r e n c e s  b e tw ee n  c e n t r e s ,  an d  u n d e r l in e s  the  d if f ic u l ty  

in  d is t in g u is h in g  w ith  co n f id en ce  s e v e r a l  p o s s ib l e  e f fe c t s  in  t h e s e  

in  v i t r o  s y s t e m s .

A f t e r  r e v ie w in g  the  e v id e n c e  in  fa v o u r  of th e  r o le  of the  

m a c r o p h a g e  in  a n t ig e n ic  s t im u la t io n  i t  i s  p e r t i n e n t  to  d i s c u s s  the  

p r o c e s s  of a n t ig e n  h a n d lin g  by  th e s e  c e l l s ,  n o t  on ly  b e c a u s e  of 

im p o r t a n c e  of th e  p r o c e s s  in  i t s e l f ,  b u t  b e c a u s e  i t  w i l l  p r o v id e



15(n).

th e  r e a d e r  w ith  u se fu l  b a c k g ro u n d  in f o r m a t io n  and  in s ig h t  in to  

th e  e x p e r im e n t s  d e s c r i b e d  in  th i s  t h e s i s .

P h a g o c y to s i s  c o n s i s t s  of two s ta g e s ;  i n i t i a l ly  th e  a n t ig e n  

a d h e r e s  to  th e  m a c r o p h a g e  c e l l  m e m b r a n e ,  and  s e c o n d ly  i t  i s  

e n d o c y to se d .  F o l lo w in g  e n d o c y to s is  th e  m a j o r i t y  of p in o c y t ic  

o r  p h a g o cy t ic  v e s i c l e s  fu s e  w ith  the  l y s o s o m e s  a f t e r  w h ich  the  

a n t ig e n  i s  d ig e s te d  by  th e  p h a g o c y t ic  ly s o s o m e s .  F r o m  th e s e  

p r o c e s s e s  tw o p r in c ip le  p o in ts  e m e r g e  fo r  d i s c u s s io n ,  the  

r e c o g n i t io n  of f o r e ig n n e s s ,  and  th e  s i t e  of th e  im m u n o g e n ic  

p o r t io n  of th e  i n g e s t e d  a n t ig e n .

In vivo and  in  v i t r o  t e c h n iq u e s  h a v e  bo th  b e en  u s e d  in  the  s tu d y  

of an tig en  up tak e  by  m a c r o p h a g e s .  In v ivo m e th o d s  in c lu d e  the  

c l e a r a n c e  of l a b e l le d  a n t ig e n s  f r o m  th e  b lood , and  th e  a u to ­

r a d io g r a p h ic  l o c a l i s a t io n  of a n t ig e n  a s  d e s c r i b e d  p r e v io u s ly .

In v i t r o  m e th o d s  s tu d y  th e  u p tak e  of a n t ig e n  in  t i s s u e  c u l tu r e .

T h e  r e m o v a l  of l a b e l le d  co m p o u n d s  f r o m  th e  b lo o d , in c lu d in g  

c o l lo id a l  s u s p e n s io n s  of c a r b o n  (l-59a) s a c c h a r a t e d  i r o n  ox ide  (332) 

c h r o m iu m  p h o s p h a te  (333, 334) go ld  (335), a n d  p a r t i c u l a t e  a n t ig e n s  

su ch  a s  h e a t  a g g r e g a te d  p r o t e i n s  (336) h a s  b e e n  u s e d  to  s tu d y  the  

k in e t i c s  of p h a g o c y to s is .  In d e e d  e x te n s iv e  s tu d ie s  of th e  

c l e a r a n c e  of c o l lo id a l  s u s p e n s io n s  f r o m  th e  b lo o d  (159a, 337-339) 

h a v e  shown th a t  80-90%  of the  in je c te d  m a t e r i a l  w as  r e m o v e d  by  

th e  l i v e r  and  s p le e n ,  th e  f o r m e r  r e m o v in g  a p p r o x im a te ly  tw o -  

t h i r d s .  T he  r a t e  of r e m o v a l  of c o l lo id  w a s  m o n o e x p o n e n t ia l  

a t  su i ta b le  d o s e s  and  a l s o  d e p e n d e n t  upon l i v e r  an d  sp le e n  s iz e .
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T h e r e f o r e  u s in g  s t a n d a r d  body  w e ig h t ,  d e p en d e n t  d o s e s  of c a rb o n ,  

i t  w as  p o s s ib le  to  a r r i v e  a t  a v a lu e  t e r m e d  the  p h a g o c y t ic  index .

T h e  c l e a r a n c e  of b a c t e r i a  (340 -342), v i r u s e s  (343) and  fo re ig n  r e d  

c e l l s  (344) w as  a l s o  s tu d ie d .  I t  w as  c o n c lu d ed  on the  b a s i s  of 

d i s t r ib u t io n  of c o l lo id a l  m a t e r i a l  in  th e  t i s s u e s ,  th e  r a d i o r e s i s t a n c e  

of th e  p r o c e s s  of c l e a r a n c e ,  and  th e  i n c r e a s e  in  c l e a r a n c e  a f t e r  

in je c t io n  w ith  M. t u b e r c u lo s i s  (345), o r  m y c o b a c t e r i a l  p r o d u c t s  

o r  en d o to x in ,  th a t  m a c r o p h a g e s  w e r e  the  c e l l s  r e s p o n s ib l e  fo r  

c l e a r in g  the  in je c te d  m a t e r i a l ,  a s  th e y  a r e  r a d i o r e s i s t a n t ,  and  

a c t i v a te d  d u r in g  d e la y e d  h y p e r s e n s i t i v i t y  r e a c t i o n s .

A lthough  m a c r o p h a g e s  can  tak e  up a w ide  v a r i e t y  of c o l lo id a l  

s u b s ta n c e s ,  p r o t e in s ,  m i c r o - o r g a n i s m s  and  r e d  c e l l s ,  the  

m o l e c u l a r  b a s i s  of the  p r o c e s s  i s  n o t  u n d e rs to o d .  M any  a n t ig e n s ,  

e. g. c e r t a in  e n c a p s u la te d  v i r u l e n t  b a c t e r i a  r e q u i r e  to  be  o p s o n is e d  

w ith  a n t ib o d y  and  c o m p le m e n t  b e f o r e  th e y  can  be  p h a g o c y to s e d  

(3 46 -350), w h e r e a s  o th e r  a n t ig e n s  f o r  in s t a n c e  fo r e ig n  r e d  c e l l s  

a p p e a r  to  be  ab le  to  i n t e r a c t  d i r e c t l y  w ith  th e  m a c r o p h a g e  c e l l  

m e m b r a n e .  M a c ro p h a g e s  a r e  n o t  a b le  to  ta k e  up fo r e ig n  r e d  

c e l l s  u n le s s  the  l a t t e r  a r e  e ffe te  (351, 352), a n d  t r y p s i n  t r e a t m e n t  

of th e  m a c r o p h a g e s  p r e v e n te d  e ffe te  au to lo g o u s  e r y t h r o c y t e s  f r o m  

b in d in g , w hich  s u g g e s ts  th a t  m a c r o p h a g e s  c a r r y  a  r e c e p t o r  f o r  

t h i s  p r o c e s s  (353).

In v ivo and  in  v i t r o  s tu d ie s  h a v e  shown th a t  p r o t e i n  a n t ig e n s  can  

be  ta k e n  up d i r e c t ly  by  m a c r o p h a g e s  (237, 268, 354). T h e  d e g r e e  

of u p tak e  of p ro te in  a n t ig e n s  by  m a c r o p h a g e s  i s  r e l a t e d  to  the  

d e g r e e  of p o ly m e r i s a t io n ,  m o n o m e r i c  a lb u m in  a n d  im m u n o g lo b u l in



15(p),

b e in g  re m o v e d  m o r e  s lo w ly  th an  p o ly m e r i c  f o r m s  (174, 268).

In  fa c t  the  c l e a r a n c e  r a t e s  of fo r e ig n  m o n o m e r ic  p r o t e i n s  i s  

s i m i l a r  to  the  a u to lo g o u s  m o le c u le s  (242, 268). T h u s  i t  can  

be  co n c lu d e d  th a t  p o ly m e r i c  p r o t e in s  a r e  m o r e  e a s i l y  a t t a c h e d  

to  m a c r o p h a g e  c e l l  m e m b r a n e s  th an  m o n o m e r i c  f o r m s ,  and  

th a t  m a c r o p h a g e s  h a v e  a  p o o r  c a p a c i ty  to  d i s c r i m i n a t e  b e tw e e n  

fo r e ig n  and  n o n - f o re ig n  s u b s ta n c e s .  I t  i s  w id e ly  th o u g h t th a t  

an y  m a c r o p h a g e  can  ta k e  up any  a n t ig e n  u n d e r  o p t im a l  c o n d it io n s ,  

bu t  t h e r e  i s  so m e  e v id e n c e  th a t  s e l e c te d  m a c r o p h a g e s  p r e f e r r e d  

to  ta k e  up fo re ig n  e r y th r o c y te s  (355) a l th o u g h  th e  s ta t e  of m a t u r i t y  

of the  c e l l s  s tu d ie d  w a s  n o t  a p p a r e n t ly  a s c e r t a i n e d .

A n tig en  c o m p le x e d  to  a n tib o d y  b in d s  a v id ly  to  m a c r o p h a g e s  a s  

a  r e s u l t  of the  an tib o d y  b in d ing  s p e c i f i c a l ly  to  an  im m u n o g lo b u l in  

r e c e p t o r  on the  m a c r o p h a g e  c e l l  m e m b r a n e ,  su ch  a n t ib o d y  i s  

t e r m e d  c y to p h il ic  (356). T h e r e  i s  im m u n o g lo b u l in  c l a s s  a n d  

s u b c la s s  r e s t r i c t i o n  of c y to p h i l ic  an tib o d y : in  h u m a n s  on ly  IgG^ 

an d  IgG ^ a n t ib o d ie s  h a v e  c y to p h i l ic  p r o p e r t i e s  (357-359)» w h e r e a s  

in  m ic e  IgG and  IgM  a n t ib o d ie s  a r e  c y to p h i l ic  (360). C y to p h i l ic  

a n t ib o d y  b inds  to  the  im m u n o g lo b u l in  r e c e p t o r  by  th e  F c  p o r t io n  

of the  m o le c u le  (358, 359, 361). T h e  n a tu r e  of th e  i m m u n o ­

g lo b u lin  r e c e p t o r  i s  unknown; t r y p s i n  t r e a t m e n t  of m a c r o p h a g e s  

d e s t r o y s  the  a b i l i ty  to  b in d  IgM  c o a te d  r e d  c e l l s  b u t  n o t  IgG 

c o a te d  r e d  c e l l s  (360, 362, 363). F r e e  s u lp h y d r i l  g ro u p s  m u s t  

f o r m  p a r t  of the  r e c e p t o r  s i t e ,  a s  io d a c e ta m id e  t r e a t m e n t  p r e v e n t s  

th e  a t ta c h m e n t  of o p s o n is e d  r e d  c e l l s .  T h e  m e c h a n i s m s  of
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b in d ing  im m u n o g lo b u l in ,  e i th e r  f r e e  o r  in  a n t ig e n -a n t ib o d y  

c o m p le x  a r e  th e  s u b je c t  of c o n t r o v e r s y .  I t  w a s  th o ugh t th a t  

th e  s t r o n g e r  b ind ing  of im m u n o g lo b u l in  a s  p a r t  of an  im m u n e  

c o m p le x  w a s  due to  an  a l l o s t e r i c  ch an g e  in  th e  F c  p o r t io n  of 

th e  m o le c u le ,  bu t  i s  now  th o u g h t a s  b e ing  s im p ly  due to  an 

i n c r e a s e  in  the  n u m b e r  of a v a i la b le  b ind ing  s i t e s  f r o m  eac h  

an t ib o d y  m o le c u le  in  th e  c o m p le x  (344, 364, 365). A p a r t  

f r o m  the  im m u n o g lo b u l in  r e c e p t o r ,  m a c r o p h a g e s  a l s o  c a r r y  a 

c o m p le m e n t  r e c e p t o r  on t h e i r  c e l l  m e m b r a n e  (360, 366, 367).

T h e  r e c e p t o r  b in d s  an d  c o m p le x e s  in c lu d in g  on ly  C ^ , o r

C ao a r e  una-ble to  b e c o m e  a t ta c h e d  to  th e  c e l l  m e m b r a n e  (368).
J L

I t  i s  p ro b a b le  th a t  m a c r o p h a g e  bound  i s  i m p o r t a n t  in  

p ro m o t in g  p h a g o c y to s is  in  v ivo . F o r  e x a m p le ,  w h e r e a s  

im m u n o g lo b u l in  b lo c k e d  m a c r o p h a g e  up tak e  of a n t ig e n -a n t ib o d y  

c o m p le x e s  n o t c o n ta in in g  c o m p le m e n t ,  i t  d id  n o t  a f fe c t  th e  

u p tak e  of c o m p le x e s  w h ich  h a d  f ix e d  c o m p le m e n t  (366). In  v ivo  

s tu d ie s  of d e c o m p le m e n te d  m ic e  show ed  th a t  th e  a b i l i ty  to  r e m o v e  

a n t ib o d y  c o a te d  E .  c o l i , an d  r a t  e r y th r o c y te s  f r o m  th e  c i r c u la t io n  

w a s  im p a i r e d ,  b u t cou ld  be  r e s t o r e d  by in c u b a t in g  th e  c o m p le x e s  

w ith  c o m p le m e n t  p r i o r  to  in je c t io n  (368). I t  i s  p ro b a b le  th a t  

th e  m a c r o p h a g e  im m u n o g lo b u l in  an d  c o m p le m e n t  r e c e p t o r s  a c t  

in  c o o p e ra t io n  (366), a s  s tu d ie s  of h u m a n  m a c r o p h a g e s  h a v e  shown 

th a t  100 m o le c u le s  of le a d  to  in g e s t io n  of IgG a n t i  g e n -a n t ib o d y  

c o m p le x e s ,  w h e r e a s  a b o u t  1000 a r e  n e e d e d  f o r  IgM  a n t ig e n - 

a n t ib o d y  c o m p le x e s  (as  m e n t io n e d  e a r l i e r  IgM  h a s  no  r e c e p t o r
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on h u m a n  m o n o c y te s ) .

T h e r e f o r e ,  a lthough  th e  b a s i c  m o l e c u l a r  i n t e r a c t i o n s  in v o lv e d  

in  th e  u p tak e  of a n t ig e n ic  an d  n o n -a n t ig e n ic  s u b s ta n c e s  by  

m a c r o p h a g e s  i s  unknown, i t  can  be  c o n c lu d e d  th a t  i t  i s  n o t  a  

p r o c e s s  of re c o g n i t io n  of f o r e ig n n e s s  su ch  a s  d e s c r i b e d  fo r  

ly m p h o c y te s  (369-371) an d  i f  a n t ig e n s  do n o t  r e a c h  the  r e l e v a n t  

ly m p h o c y te s ,  then  im m u n e  r e c o g n i t io n ,  an d  a s u b se q u e n t  im m u n e  

r e s p o n s e  w il l  no t  o c c u r .

T h e  s m a l l  p ro p o r t io n  of in g e s t e d  an tig e n  w hich  i s  n o t  d ig e s te d  

b e c o m e s  a v a i la b le  fo r  im m u n e  r e c o g n i t io n .  A t te m p ts  to  id e n t i fy  

th e  im m u n o g e n ic  m o ie ty  a n d  i t s  lo c a t io n  h a v e  b e en  m a d e  by  s e v e r a l  

m e th o d s ;  th e s e  have  in c lu d e d  th e  u s e  of l iv e  m a c r o p h a g e s  in  the  

m a c r o p h a g e  t r a n s f e r  s y s te m ,  d i s r u p t io n  of c e l l s  a n d  t e s t in g  the  

f r a c t i o n s  fo r  im m u n o g e n ic i ty ,  and  a c o m b in a t io n  of t i s s u e  c u l tu re  

an d  th e  m a c r o p h a g e  t r a n s f e r  s y s te m .  T h is  l a t t e r  e x p e r im e n t a l  

t e c h n iq u e  h a s  shown th a t  on ly  a  s m a l l  f r a c t io n  of r a d io a c t iv e ly  

la b e l l e d  h a e m o c y a n in  w hich  h a d  b e e n  p h a g o c y to s e d  b y  m a c r o p h a g e s  

r e m a i n e d  u n d ig e s te d  (147). T h is  f r a c t io n  w as  im m u n o g e n ic ,  

w hen  in je c te d  in to  sy n g en e ic  h o s t s .  A s m a l l  f r a c t io n  of th is  

u n d ig e s te d  a n tig en  w as  r e t a in e d  on th e  p l a s m a  m e m b r a n e ,  in  

n a t iv e  f o r m ,  f r o m  w hich  i t  can  be  e lu te d ,  an d  show n to  r e a c t  w ith  

a n tib o d y , o r  t r i g g e r  an im m u n e  r e s p o n s e  (3 7 2 -375) . T h e  a m o u n t  

o f a n t ig e n  r e ta in e d  on the  p l a s m a  m e m b r a n e  v a r i e d  w ith  d i f f e r e n t  

a n t ig e n s ;  fo r  h a e m o c y a n in  1-2% of th e  a n t ig e n  m o le c u le s  w e r e  

r e t a in e d  f o r  p ro lo n g e d  p e r i o d s ,  w h e r e a s  fo r  p o ly m e r i c  a lb u m in
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the  a m o u n t  w as  the  s a m e ,  b u t  i t  d i s s o c i a t e d  f a s t e r .  M o r e p v e r

a lb u m in  w as  ra p id ly  l o s t  f r o m  the  m e m b r a n e  (268). I t  i s  now

th o u g h t th a t  th e  a n t ig e n  r e t a in e d  on the  p l a s m a  m e m b r a n e  i s  the  

f i r s t  p a r t  of the  a n t ig e n  to  c o m e  in to  c o n ta c t  w ith  th e  m a c r o p h a g e ,  

and  i s  lo c a l i s e d  on a r e a s  h av in g  l i t t l e  p h a g o c y t ic  a c t iv i ty  (268,

354, 373).

F o l lo w in g  e n d o c y to s is  of l a b e l l e d  e r y t h r o c y t e s  i t  w as  shown 

th a t  s m a l l  a m o u n ts  of a n t ig e n ic  m a t e r i a l  w e r e  s lo w ly  r e l e a s e d  

f r o m  th e  m a c r o p h a g e ,  and  w e r e  c a p a b le  of s t im u la t in g  an  im m u n e  

r e s p o n s e  (297). O th e r  e x p e r im e n t s  h av e  d e m o n s t r a t e d  th a t  

im m u n o g e n ic  m a t e r i a l  cou ld  be e x t r a c t e d  f r o m  i n t r a c e l l u l a r  

v e s i c l e s  f o r  so m e  t im e  fo llow ing  e n d o c y to s is  (136, 140 -144 , 376, 

377), an d  u l t r a c e n t r i f u g a t io n  s tu d ie s  h a v e  s u g g e s te d  th a t  the  

a n t ig e n  i s  bound  to  i n t r a c e l l u l a r  m e m b r a n e s  (140, 378). A n tig en  

bound  to  l iv e  m a c r o p h a g e s  w as  m o r e  im m u n o g e n ic  th an  a n t ig e n  

e x t r a c t e d  f r o m  th e  c y to p la s m  (378).

T h e  m e c h a n i s m  of r e l e a s e  of i n t r a c e l l u l a r  a n t ig e n  i s  unknow n. 

N o r m a l ly  so lu b le  a n t ig e n s  do n o t  c r o s s  the  m e m b r a n e  of th e  

s e c o n d a r y  l y s o s o m e ,  u n le s s  e x te n s iv e ly  c a ta b o l i s e d  (379). On 

c e l l  d e a th  an tig e n  cou ld  be  r e l e a s e d ,  b u t  a p p a r e n t ly  th e  a m o u n t  

of a n t ig e n  r e l e a s e d  i s  f a r  in  e x c e s s  of th a t  a c c o u n ta b le  f o r  by  

c e l l  d e a th  (297). R e l e a s e  of l y s o s o m a l  e n z y m e s  fo llow ing  the  

in g e s t io n  of l a r g e  p a r t i c l e s  o c c u r s  f r o m  both  m a c r o p h a g e s  and  

p o ly m o r p h s  (380, 381), an d  p r e s e n t e d  u l t r a s t r u c t u r a l  e v id en c e  

of c h a n n e ls  c o m m u n ic a t in g  b e tw ee n  th e  p h a g o c y t ic  v e s i c l e s  of
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p o ly m o r p h s  an d  th e  c e l l  s u r f a c e  h a s  b e e n  p r e s e n t e d  (381, 382). 

E x o c y to s i s  of a n t ig e n  r e m a in s  an  u n c o n f i rm e d  p o s s ib i l i t y  (383).

G a r v e y  and  C a m p b e l l  (134) f i r s t  p o s tu la t e d  th a t  BSA w hich

p e r s i s t e d  in  the  l i v e r  an d  s p le e n  w as  p o s s ib ly  a s s o c i a t e d  w ith

n u c le ic  a c id .  In the  e a r l y  1960fs i t  w as  r e p o r t e d  th a t

ly m p h o c y te s  p r o d u c e d  an t ib o d y  to  T 4  p h ag e  in  r e s p o n s e  to

e x t r a c t s  of p e r i t o n e a l  m a c r o p h a g e s  w hich  h a d  p r e v io u s ly  b e en

e x p o se d  to  th is  an tig e n  (148, 230, 231). T h e  im m u n o g e n ic

f r a c t i o n  w as  found to  be  s e n s i t iv e  R N A - a s e  t r e a t m e n t ,  an d

e x t r a c t i n g  the  RNA w ith  p h e n o l  y ie ld e d  a n t ig e n ic  m a t e r i a l  w hich

s e d im e n te d  a s  a  low  m o l e c u l a r  w e ig h t  RNA. T h e s e  e x p e r im e n t s

s u g g e s te d  th a t  a n t ig e n  n e e d e d  to  be p r o c e s s e d  by  m a c r o p h a g e s  in

o r d e r  to  b e c o m e  im m u n o g e n ic ,  y e t  c lo s e  s c r u t in y  of th e  r e s u l t s

r e v e a l e d  low  an tib o d y  t i t r e s ,  fo llow ing  im m u n is a t io n  w ith  the

RNA e x t r a c t ,  an d  in  m a n y  c a s e s  th e  r e s u l t s  w e r e  n o t  r e p r o d u c ib le .

L a t e r ,  A sk o n a s  an d  R h o d es  (149, 384) i s o l a t e d  RNA f r o m  m o u s e

125m a c r o p h a g e s  w hich  h a d  ta k e n  up I - h a e m o c y a n in .  A bout

0. 01% of the  a n t ig e n  w a s  bound  to  RN A, and  on in je c t io n  in to  m ic e ,  

i t  w a s  found to  be  h ig h ly  im m u n o g e n ic .  S in ce  th e n  m a n y  s tu d ie s  

h a v e  c o n f i rm e d  th i s  f ind ing  (150, 385 -3 8 9 ) , b u t  t h e r e  i s  s t ro n g  

e v id e n c e  th a t  su ch  f r a c t i o n s  a r e  of doub tfu l b io lo g ic a l  s ig n i f ic a n c e ,  

an d  m a y  p o s s ib ly  r e p r e s e n t  l a b o r a t o r y  a r t i f a c t  (390, 391), 

r e s u l t i n g  f r o m  c e l l u l a r  d i s r u p t io n  w hich  a l lo w s  RNA and  a n t ig e n  

to  m ix .  RNA an d  a n t ig e n  cou ld  c o m p le x  a s  a  r e s u l t  of in  v ivo  

c e l l  d e a th ,  and  i t  h a s  b e en  r e p o r t e d  th a t  a n t ig e n -R N A  c o m p le x



15(u).

c an  be found in  u r in e  (392). O th e r  e v id e n c e  w hich  m i l i t a t e s  

a g a in s t  the  b io lo g ic a l  s ig n if ic a n c e  of the  a n t ig e n -R N A  co m p le x ,  

i s  th e  a b i l i ty  of RNA f r o m  c e l l s  o th e r  th an  m a c r o p h a g e s  to  f o r m  

su ch  c o m p le x e s  (393), and  th e  la c k  of an y  c l e a r  r e l a t io n s h ip  

b e tw e e n  the  co m p le x in g  of an  a n t ig e n  to  RNA an d  i t s  in  v ivo  

im m u n o g e n ic  c a p a c i ty  (390).

F r o m  the  r e v ie w  of the  r o le  of th e  m a c r o p h a g e  in  a n t ig e n ic  

s t im u la t io n  i t  i s  obv ious  th a t  th is  c e l l  p la y s  an  im p o r t a n t  r o le  in 

th e  r e m o v a l  of a n t ig e n s ,  and  a lthough  n o t  c a p a b le  of r e c o g n is in g  

f o r e ig n n e s s ,  i t  p r e s e n t s  th e  an tig e n  to  th e  ly m p h o c y te s  in  su ch  a 

w ay  th a t  im m u n e  re c o g n i t io n  i s  p o s s ib l e .  T h e  im m u n o g e n ic  

m o ie ty  i s  p ro b a b ly  u n d e g ra d e d  a n t ig e n  bound  to  th e  p l a s m a  

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

T u rn in g  b a ck  to  th e  im m u n o lo g ic a l  p e c u l i a r i t i e s  of NZ m ic e ,  

i t  i s  a t  once  a p p a r e n t  th a t  c e r t a i n  a s p e c t s  of m a c r o p h a g e  fu n c tio n  

m a y  be  of r e le v a n c e .  F o r  i n s t a n c e ,  th e  g r e a t e r  th e  a m o u n t  of 

bound  an tig e n  t r a n s f e r r e d  in  th e  m a c r o p h a g e  t r a n s f e r  s y s t e m ,  

th e  b e t t e r  th e  im m u n e  r e s p o n s e ,  and  th u s  th e  im m u n o lo g ic a l  

h y p e r  r e s p o n s iv e n e s s  of t h e s e  m ic e  m ig h t  be  due to  r a p id  u p tak e  

of a n t ig e n  by  t h e i r  m a c r o p h a g e s .  F o l lo w in g  th i s  s a m e  l in e  of 

r e a s o n in g ,  the  r e l a t i v e  r e s i s t a n c e  of N Z m ic e  to  th e  in d u c t io n  

of im m u n o lo g ic a l  t o l e r a n c e  m ig h t  be  due to  an  e x c e l le n t  a n t ig e n  

t r a p p in g  m e c h a n i s m  w h ich  w ould  n o t  p e r m i t  a n t ig e n  to  c o m e  

in to  d i r e c t  c o n tac t  w ith  ly m p h o c y te s  a n d  in d u c e  t o l e r a n c e .

T h e  r e m o v a l  of p o te n t ia l ly  a u to a n t ig e n ic  s u b s ta n c e s  b y  m a c r o p h a g e s



m ig h t  a l s o  p r o v id e  p o s s ib le  in f o r m a t io n  a s  to  why su ch  s u b s ta n c e s  

do in  so m e  in s t a n c e s  p ro v o k e  im m u n e  r e s p o n s e s .

F o r  t h e s e  r e a s o n s ,  I h a v e  e l e c te d  to m a k e  th e  s tu d y  m a c r o p h a g e  

fu n c tio n  in  NZ m ic e  a s  th e  s u b je c t  to  th i s  t h e s i s .  .



C H A P T E R  2.

DATA ON TH E E ST A B L IS H M E N T  O F  OUR 
NEW  Z E A L A N D  MOUSE CO LO N IES



IN TRO D U C TIO N

A s  New Z e a la n d  m ic e  h a d  no t p r e v io u s ly  b e en  s tu d ie d  in  th is  

d e p a r tm e n t ,  i t  w as  c o n s id e r e d  im p o r ta n t  to  g a th e r  d a ta  on th e  r a t e  

of C o o m b s ’ c o n v e r s io n ,  in c id e n c e  of p r o t e i n u r i a  a n d  o n s e t  of n e p h r i t i s  

a n d  th e  c u m u la t iv e  m o r t a l i t y  in  o u r  m o u s e  c o lo n ie s .  T h is  w ou ld  

e n a b le  u s  to  d e te r m in e  w h e th e r  th e  m ic e  in  o u r  c o lo n ie s  co u ld  be 

r e a s o n a b ly  c o m p a r e d  to th o s e  of o th e r  c e n t r e s .  In th i s  c h a p te r  

I p r e s e n t  t h e s e  da ta ,  a n d  a l s o  the  b r e e d in g  s t a t i s t i c s  of o u r  v a r io u s  

m o u s e  s t r a i n s .
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F i g .  1.  T h e  t h r e e  N ew  Z e a l a n d  s t r a i n s  o f  m i c e ,  N e w  Z e a l a n d  

B l a c k  (N Z B ) ,  N ew  Z e a l a n d  W h i t e  (N Z W ) ,  a n d  N Z B  x  

N Z W  F I  (B W F ^ )  h y b r i d  m i c e .



M A T ER IA L S AND M E T H O D S.

T he  d i f f e r e n t  m o u s e  s t r a i n s  u s e d  in  m o s t  s tu d ie s  a r e  show n in  

T a b le  2. NZB m ic e  w e r e  a  gift f r o m  D r .  W. J .  I r v in e  o f , th e

M. R. C. E n d o c r in o lo g y  U nit in  E d in b u rg h .  T h e  m ic e  w e r e  d e r iv e d  

f r o m  in b r e d  New Z e a la n d  s to c k  s en t  to  P r o f e s s o r  W o o d ru f f 's  d e p a r tm e n t .  

T h e y  w e r e  m a in ta in e d  a s  a  s t r i c t l y  in b r e d  c o lo n y  by b r o t h e r - s i s t e r  

m a t in g ,  a n d  th e  co lony  i s  now  in  i t s  6th g e n e r a t io n .  I n b r e d  NZW 

m ic e  w e r e  o b ta in e d  f r o m  th e  M .R .  C . A n im a l  C e n t r e ,  C a r s h a l to n ,

S u r r e y ,  E n g la n d .  BWF^ h y b r id  m ic e  w e r e  th e  r e s u l t  of m a t in g  

e i t h e r  N ZB m a le s  w ith  NZW f e m a le s  o r  NZB f e m a le s  w ith  NZW  m a l e s .  

T h e  t h r e e  New Z e a la n d  m o u s e  s t r a i n s  a r e  show n in  F ig .  1. CBA  

a n d  B A L B /c  m ic e  c a m e  f r o m  o u r  own in b r e d  c o lo n ie s ,  a n d  C3H f 

m ic e  w e r e  k in d ly  su p p lied  by P r o f e s s o r  J a r r e t  of th e  G lasg o w  

V e t e r i n a r y  S choo l.  CBA x  NZB F I  a n d  F 2  m ic e  w e r e  in c lu d e d  a s  

e x t r a  c o n t r o l  s t r a i n s  d u r in g  s tu d ie s  of th e  t im e  of o n s e t  of a u to im m u n e  

d i s e a s e .  T a b le  3 show s th e  n u m b e r  of m ic e  of e a c h  s t r a i n  in c lu d e d

in  th i s  s tudy .

D i r e c t  C o o m b s '  T e s t s

°  \M ouse  r e d  c e l l s  w e re  w a s h e d  t h r e e  t i m e s  in  w a r m  s a l in e  (37 C), 

a n d  f in a l ly  r e  su sp e n d e d  in  a n  eq u a l  v o lu m e  o f  s a l in e .  A n  e q u a l  

v o lu m e  of r e d  c e l l  s u s p e n s io n  an d  a  1 in  10 d i lu t io n  of C o o m b s '  

r e a g e n t  w e r e  m ix e d  on a s l id e  an d  a t  th e  end  of 5 m in u te s  th e  p r e s e n c e  

o r  a b s e n c e  of a g g lu t in a t io n  w as  n o ted .  T h e  d e g r e e  of a g g lu t in a t io n  

w a s  s c o r e d  w e ak  +, + o r  ++. Known p o s i t iv e  a n d  n e g a t iv e  c o n t r o l s  

w e r e  u s e d  in a l l  e x p e r im e n t s .



T he C o o m b s '  r e a g e n t  w a s  a n  a n t i - m o u s e  g a m m a  g lo b u lin  p r e p a r e d  

by im m u n is in g  r a b b i t s  w ith  p o o led  m o u s e  g a m m a  g lobu lin . R a b b i ts

w e r e  in i t i a l ly  im m u n is e d  i n t r a m u s c u l a r l y  u s in g  g a m m a  g lo b u lin  in  

c o m p le te  F r e u n d ' s  a d ju v a n t ,  an d  b o o s te d  4 w e e k s  l a t e r  w ith  a  

s in g le  in t r a v e n o u s  in je c t io n  of a n t ig e n .  T h e  r a b b i t s  w e r e  e x sa n g u in a te d  

by c a r d ia c  p u n c tu re  1 w e ek  fo llow ing  th e  b o o s t e r  in je c t io n .  T h e

a n t i s e r a  w e r e  t e s t e d  by i m m u n o e le c t r o p h o r e s i s  a g a in s t  n o r m a l  m o u s e  

s e r u m ,  a n d  on ly  l in e s  of p r e c ip i t a t i o n  a g a in s t  th e  m a j o r  m o u s e  

im m u n o g lo b u l in  c l a s s e s  w e r e  d e te c te d .  S e r a  w e r e  th e n  h e a t  

in a c t iv a te d  a n d  a b s o r b e d  a g a in s t  N Z B , B A L B /c  an d  CBA  e r y t h r o c y t e s  

s e q u e n t ia l ly .  O nly  one s e r u m  w a s  u s e d  th ro u g h o u t  a l l  th e  e x p e r im e n t s .

P r o t e i n u r i a

A s in g le  d ro p  of u r in e  w a s  e x p r e s s e d  by m a n u a l  p r e s s u r e  to  the  

lo w e r  a b d o m e n ,  an d  th e  q u a n t i ty  of p r o t e i n u r i a  e s t i m a t e d  d u r in g  A lb u s t ix  

(A m e s  L a b s ) .  P r o t e i n u r i a  w as  c o n s id e r e d  s ig n i f ic a n t  w hen  30 m g /

100 m l  o r  g r e a t e r  w as  p r e s e n t .

T i s s u e  s p e c im e n s  fo r  h i s to lo g ic a l  e x a m in a t io n  w e r e  ta k e n  a t  

p o s t - m o r t e m  e x a m in a t io n  of s ic k  m ic e  o r  f r o m  m ic e  k i l le d  a t  s e l e c te d  

a g e s .  A n im a ls  found d e ad  w e r e  no t e x a m in e d .
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19.

R E S U L T S

B re e d in g  S ta t i s t i c s

T a b le  2 show s th e  b r e e d in g  s t a t i s t i c s  of th e  f ive  s t r a i n s  of m ic e  

b r e d  in  th i s  d e p a r tm e n t .  A v e ra g e  l i t t e r  s i z e s  w e r e  h ig h e s t  in  CBA 

m ic e  (8. 9), an d  lo w e s t  in  NZW  m ic e  (4. 4). N ZB  l i t t e r  s i z e s  

a v e r a g e d  6. 1 m ic e .  P r e - w e a n in g  m o r t a l i t y  w a s  h ig h e s t  in  NZW  m ic e ,  

(2. 8 d e a th s  of 4. 4 b i r t h s )  a n d  lo w e s t  in  BW F^ m ic e  (0. 4 d e a th s  of 7. 5 

b i r t h s ) .  N ZB  m ic e  h a d  a  p r e - w e a n in g  m o r t a l i t y  of 21. 3% ( 1 .3  of

6. 1 m ic e ) .  D a ta  on  im m e d ia te  p o s t -w e a n in g  m o r t a l i t y  a r e  no t 

a v a i l a b le .

T he  a v e r a g e  d u ra t io n  of th e  e c o n o m ic  b r e e d in g  l ife  i s  lo n g e s t  fo r  

C B A  an d  B A L B /c  m ic e ,  a p p r o x im a te ly  15 m o n th s ,  w h e r e a s  b re e d in g  

l iv e s  fo r  N ZB , NZW an d  BW F^ m ic e  w e r e  9 m o n th s .  T h e  n u m b e r  

of l i t t e r s  p e r  p a i r  of b re e d in g  m ic e  p a r a l l e l s  th e  d u r a t io n  of the  

e c o n o m ic  b r e e d in g  l i fe ,  b e in g  8 f o r  CBA a n d  B A L B /c  m ic e ,  a n d  5 

f o r  N ZB an d  NZW m ic e .  E ig h t  l i t t e r s  BW F^ w e r e  b o r n  in  th e  s h o r t  

b r e e d in g  l iv e s  of the  p a r e n t  m ic e .

Coom bs* C o n v e r s io n  (F ig .  2)

A t 3 m o n th s  of ag e  22. 5% of m a le  a n d  10% of f e m a le  NZB m ic e  

w e r e  C o o m b s '  p o s i t iv e .  T h e  p e r c e n ta g e  w ith  p o s i t iv e  t e s t s  r o s e  

s te e p ly  f r o m  3 m o n th s ,  u n t i l  a t  9 m o n th s  85% of b o th  m a le s  a n d  

f e m a le s  h a d  p o s i t iv e  C o o m b s '  t e s t s .  A  s l ig h t  f a l l  in  th e  p e r c e n ta g e  

w i th  p o s i t iv e  C o o m b s '  t e s t s  w a s  found a t  1 y e a r ,  w ith  a  s e c o n d a r y  r i s e  

a t  1 5 m o n th s .  T h e  f a l l  a t  1 y e a r  is  due to  d e a th s  a m o n g  s ic k  C o o m b s '  

p o s i t iv e  a n im a l s .
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F i g .  7. G l o m e r u l o n e p h r i t i s  o f  BW F^ f e m a l e  s h o w n  in  F i g .  6.

(a) H.  & E .  x  400.

(b) D i r e c t  I m m u n o f l u o r e s c e n c e  u s i n g  f l u o r e s c t i n  
l a b e l l e d  a n t i m o u s e  i m m u n o g l o b u l i n  x  400.

(c) E l e c t r o n  M i c r o s c o p y  s h o w in g  e l e c t r o n  d e n s e  
i m m u n e  c o m p l e x e s  on g l o m e r u l a r  b a s e m e n t  
m e m b r a n e  x  12, 000.



In CBA x N ZB  F I  and F 2  m ic e ,  on ly  w e ak  t r a n s i e n t l y  p o s i t iv e  

Coombs* t e s t s  h a v e  been  found up to 1 y e a r ;  a t  no s ta g e  d u r in g  t h i s  

t im e  d id  p o s i t iv e  Coombs* t e s t s  o c c u r  in  CBA a n d  B A L B /c  m ic e .

P r o t e i n u r i a

By 9 m o n th s  of age 50% of NZB f e m a le s  (F ig .  2) w e r e  p r o t e i n u r i c .  

By 1 y e a r  th is  f ig u re  fe ll  to 30%, but a t  15 m o n th s  70% of th e s e  m i c e  

had  a lb u m in u r ia .  A s u r p r i s i n g  f e a tu re  of th is  N ZB  co lo n y  w a s  a  

90% in c id e n c e  of p r o te in u r i a  in  NZB m a le s  a t  9 m o n th s ,  w ith  a  m a r k e d  

fa l l  to 0% in  th e  in c id e n ce  o f  p r o te in u r i a  a t  1 y e a r .  H o w ev e r  by 

15 m o n th s  50% had  p r o te in u r i a .  None of th e  m a le  N ZB m ic e  

e x h ib i te d  o v e r  100 mg% of a lb u m in u r ia ,  w h e r e a s  f e m a le s  show ed  

i n c r e a s i n g  d e g r e e s  of p r o t e in u r i a  w ith  t im e .  By 6 m o n th s  7 2% of 

f e m a le s  a n d  53% of m a le s  of th e  CBA x NZB F I  h y b r id  m ic e  (F ig .  3) 

h a d  d e v e lo p e d  p r o te in u r i a ,  but by 12 m o n th s  the  f i g u r e s  w e r e  18% a n d  

41% r e s p e c t iv e ly .  T h e r e  w a s  a  p r o g r e s s i v e  r i s e  in  th e  in c id e n c e  

of p r o t e i n u r i a  to  44% in  f e m a le s  and  37% fo r  m a le s  of th e  CBA x  

N ZB F 2  h y b r id  m ic e  by 12 m o n th s  (F ig .  4). In n e i t h e r  of t h e s e  

two h y b r id  s t r a i n s  d id  p r o t e i n u r i a  ex ce e d  100 mg% a t  a n y  s ta g e .

Of the  B W F j h y b r id  f e m a le s  (F ig . 5) 10% h ad  m i ld  p r o t e in u r i a  

a t  3 an d  4 m o n th s  fo llow ed  by a s h a r p  r i s e  to  54% a t  5 m o n th s ,  an d  

by  10 m o n th s ,  100% of a n im a l s  w e re  p r o t e in u r i c .  T h e  p r o t e in u r i a  

b e c a m e  h e a v y  ( ^  1 0 0 0 *»g%) p r e - t e r m i n a l l y ,  an d  w a s  a s s o c i a t e d  w ith  

m a s s i v e  a s c i t e s  and  s u b c u ta n e o u s  o ed em a  (F ig .  6), due  to th e  ra p id ly  

d e v e lo p in g  r e n a l  l e s io n  (F ig .  7). By 6 m o n th s  o n ly  7% of BWF^ 

m a le s  h a d  p r o te in u r i a ,  r i s i n g  s low ly  to 26% a t  8 m o n th s ,  fo llow ed  by
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a  su d d en  fa l l  to 0% a t  9 m o n th s .  T h is  f a l l  co u ld  no t be e x p la in e d  by- 

m o u s e  d e a th s ,  bu t co u ld  be due to  th e  r e l a t i v e l y  s m a l l  n u m b e r s  of 

B W F j m a le s  e x a m in e d .  By 10 m o n th s  28% h a d  p r o t e i n u r i a  bu t in  

a l l  c a s e s  it  w as  l e s s  th an  100 mg%. W h e th e r  the  f a th e r  o r  m o th e r  

o f a  B W F j m o u s e  w a s  a n  N ZB did  no t a p p e a r  to  a f fe c t  th e  t im e  of 

o n s e t  of p r o t e in u r i a .

S ig n if ic an t  p r o t e in u r i a  d id  no t o c c u r  in  CBA o r  B A L B /c  m ic e .

C u m u la t iv e  M o r ta l i ty  (F ig .  8)

T h e  h ig h e s t  d e a th  r a t e  w as  found in  BW F^ fe m a le  m ic e ,  50% b e in g  

d e ad  by 10 m o n th s ,  w h e r e a s  none of th e  m a l e s  h a d  d ied  by  th is  t im e .  

T h e  in c r e a s i n g  m o r t a l i t y  c lo s e ly  p a r a l l e l s  th e  i n c r e a s i n g  f r e q u e n c y  

a n d  s e v e r i t y  of p r o t e in u r i a .

D e a th s  in  th e  N ZB f e m a le s  b e g an  to o c c u r  a t  12 m o n th s  by  w h ich  

t im e  11% h ad  d ied , an d  by 15 m o n th s  38% w e r e  dead .  T h is  

i n c r e a s i n g  d e a th  r a t e  c o r r e s p o n d s  in  t im e  to  th e  p e r io d  of m a x im u m  

h a e m o l y s i s  and  in c r e a s i n g  p r o t e i n u r i a  (F ig .  2). O nly  10% o f  NZB 

m a le s  h o w e v e r  w e r e  d e ad  a t  1 5 m o n th s ,  w h en  h a e m o l y s i s  w a s  a s  

s e v e r e  a s  in  f e m a le s  of th e  s t r a in ,  but th e  s e v e r i t y  of th e  p r o t e i n u r i a  

w a s  m u c h  l e s s .  T h is  p o s s ib ly  in d ic a te s  th a t  b o th  h a e m o ly t ic  a n a e m ia  

a n d  u r a e m i a  c o n t r ib u te  to th e  i n c r e a s e d  d e a th  r a t e  of the  f e m a le s ,  a s  

h a s  b een  r e p o r t e d  by o th e r  w o r k e r s  (78, 80, 153, 154).

No d e a th s  o c c u r r e d  up to 1 y e a r  in  CBA x N ZB  F I  an d  F 2  h y b r id s ,  

CBA  o r  B A L B /c  m ic e .



P r o b le m s  sp e c i f ic  to the  b r e e d in g  of NZB m ic e

L ike  E a s t  a n d  h e r  c o l le a g u e s  (155). w e h a v e  found th a t  NZB m a le s  

f igh t v ic io u s ly ,  a l th o u g h  r a r e l y  to th e  p o in t  of k i l l in g  e ac h  o th e r .  

H o w ev e r  t h e i r  f u r  b e c o m e s  th in , a lo p o e c ia  d e v e lo p in g  o v e r  the  n e ck  

a n d  b a ck  w ith  u l c e r a t i o n  a n d  sca b b in g  a p p e a r in g  l a t e r .  U n like  the  

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

e v en  a t  1 5 m o n th s ,  d e s p i t e  the  p r e s e n c e  of s t r o n g ly  p o s i t iv e  C o o m b s 1 

t e s t s .

In fec t io n s  of th e  e y e s  o f  N ZB m ic e  o c c u r r e d  f r e q u e n t ly  an d  did  

no t a p p e a r  to  be r e l a t e d  to b le ed in g  f r o m  th e  r e t r o - o r b i t a l  v en o u s  

p le x u s  a s  i t  w as  no t o b s e r v e d  in  the  c o n t r o l  s t r a i n s .  A t th e  ag e  

o f  2 -3  m o n th s ,  a  s e l f - l i m i t i n g  bout of a  d i a r r h o e a l  i l l n e s s ,  a f fe c te d  

th e  B W F j m ic e ,  bu t none of th e  o th e r  s t r a i n s .  No b a c t e r i a l  

p a th o g e n s  w e r e  i s o l a t e d  on c u l tu r e ,  a n d  no t r e a t m e n t  r e q u i r e d .

Like H o lm e s  a n d  B u rn e t  (153), w e h a v e  found th a t  the  m ic e  of th e  

N ZB  s t r a i n  a r e  p ro n e  to th e  m i te  in fe s ta t io n ,  M yobia  m u s c u l i ,  w h ich  

w a s  c o n t r o l l  ed  by d u s t in g  w ith  G a m m e x a n e  d u s t in g  p o w d e r ,  o r  

d ipp ing  in  T e tm o s o l  (156). No b r e e d in g  p r o b le m s  o c c u r r e d  in  an y  

o f  th e  c o n t ro l  s t r a i n s  s tu d ie d .



DISCUSSION

T h e  p u r p o s e  of p r e s e n t in g  th e s e  d a ta  on o u r  New Z e a la n d  m o u s e

c o lo n ie s  is  to  show th a t  th e  a n im a l s  u s e d  fo r  th e  s tu d ie s  p r e s e n t e d

in  th is  t h e s i s  a r e  s t r i c t l y  c o m p a r a b le  to  th o s e  of o th e r  c o lo n ie s .

In th i s  r e s p e c t ,  the  r a t e  of C o o m b s '  c o n v e r s io n  a n d  the  o n s e t  o f

a lb u m in u r ia  a r e  s i m i l a r  to  th o s e  of o th e r  s tu d ie s ,  a l th o u g h  m in o r

d if fe re n c e s ,  e s p e c ia l ly  the  b ip h as ic  n a tu r e  of p r o t e in u r i a  in  N ZB m ic e

do e x is t  (7 7 -8 0 , 153, 154, 157, 158). T h e  c u m u la t iv e  m o r t a l i t y  of

th e  B W F j m ic e  i s  s i m i l a r  to a l l  o th e r  p r e v io u s  r e p o r t s  (79, 80, 158,

159) bu t  th a t  of the  NZB m ic e  is  m u c h  c l o s e r  to  c u m u la t iv e  m o r t a l i t y

of H o lm e s  a n d  B u rn e t ,  (153) a n d  o th e r  a u th o r s  (78, 79, 157) th a n  to

th e  d a ta  of E a s t  an d  h e r  c o l le a g u e s  (155) who found th a t  none o f  the
»

m ic e  in  t h e i r  co lony  l iv e d  f o r  lo n g e r  th a n  63 w e e k s .

A d e ta i l e d  s tudy  of th e  p o s t - m o r t e m  an d  h i s to lo g ic a l  f in d in g s  h a s  

not b e en  p r e s e n te d  h e r e  bu t  i t  sh ou ld  be  m e n t io n e d  th a t  th e  r e n a l  

a p p e a r a n c e s  a r e  the  s a m e  a s  th o s e  found in  th e  p r e v io u s ly  m e n t io n e d  

s tu d ie s  (F ig .  7).



CH A PTE R  3.

A C O M P A R A T IV E  STUDY O F T H E PH A GOCYTOSIS O F  

C O L L O ID A L  CARBON BY TH E F IX E D  TISSUE AND 

P E R IT O N E A L  M ACRO PH A G ES O F  NEW Z E A LA N D  

AND O T H E R  STRAINS O F  M ICE



INTRODUCTION

P h a g o c y to s i s  of a n t ig e n  i s  one of th e  e a r l i e s t  e v e n ts  o c c u r r in g  

the  im m u n e  r e s p o n s e ,  and  in  th is  c h a p te r  I h a v e  a t t e m p te d  to 

c o m p a r e  p h a g o cy t ic  a c t iv i ty  in  N ZB  an d  B W F^ m ic e  w ith  th a t  in  

o th e r  s t r a i n s  of m ic e  by  fo llow ing  the  p e r i t o n e a l  c e l l u l a r  r e s p o n s e  

to  and  the  s u b s e q u e n t  l o c a l i s a t io n  of c a r b o n  in  the  f ix ed  t i s s u e  

m a c r o p h a g e s .  The fu n c tio n  of the  f ixed  t i s s u e  m a c r o p h a g e s  h a s  

a l s o  b e e n  a s s e s s e d  by  s tu d y in g  the  c l e a r a n c e  o f  c o l lo id a l  c a r b o n  

f r o m  the  b lood, fo llow ing  in t r a v e n o u s  in je c t io n .
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M A T ER IA L S AND M ETHODS 

| M ice  s tu d ied  w e re  f r o m  the  in b r e d  s t r a i n s  N Z B , N ZW , CBA,

| C3Hf, B A L B /c  and  BW F^ s to c k .  M ice  w e r e  ag ed  8 -1 0  w e ek s  a t
j

j  th e  o n s e t  of e x p e r im e n t s .
I
I E a c h  m o u s e  w as  g iv en  a  s in g le  i n t r a p e r i t o n e a l  in je c t io n  of
j
i c o l lo id a l  c a rb o n  a s  0. 1 m l .  of a  1:4 s a l in e  d i lu t io n  of P e l ik a n  in d ia!

in k  ( lo t n u m b e r  C l l / 1 4 3 1 a ,  G u n th e r  W ag n e r  L td .  , G e rm a n y ) .

i F o u r  m a le  and  fo u r  fe m a le  m ic e  of e a c h  s t r a i n  w e r e  k i l le d  and[
I
I e x a m in e d  a s  d e s c r ib e d  b e lo w  a t  5, 30 and  60 m in u te s ;  6, 15 and  24
II
j h o u r s ;  3, 7 and 28 d a y s ,  and  3 m o n th s  p o s t - i n j e c t i o n .  M ice  w e re  

[ a n a e s th e t i s e d  w ith  e th e r ,  in je c te d  i n t r a p e r i t o n e a l l y  w ith  10 u n i ts  ofi
I 'I
i p r e s e r v a t i v e - f r e e  h e p a r in  in  2 m l .  of p h o s p h a te  b u f f e re d  s a l in e ,  and
I '
[f
j  e x s a n g u in a te d  by a x i l l a r y  b le ed in g .  A f t e r  d i s s e c t i n g  the  sk in  c a r e f u l ly
[

th e  p a r i e t a l  p e r i to n e u m  w a s  g r ip p e d  g e n t ly  w ith  f o r c e p s ,  an d  a  s m a l l

h o le  m a d e  w ith  p o in ted  s c i s s o r s .  T he  p e r i t o n e a l  w a s h in g s  w e re

a s p i r a t e d  a s  c o m p le te ly  a s  p o s s ib le  u s in g  a  s i l i c o n i s e d  P a s t e u r  p ip e t te .

P e r i t o n e a l  c e l l  co u n ts  w e r e  p e r f o r m e d  in  a n  im p r o v e d  N e u b a u e r

co u n tin g  c h a m b e r  (H aw ksley ).  S m e a r s  of the  p e r i t o n e a l  c e l l s  w e r e

p r e p a r e d  on a c y to - c e n t r i f u g e  (Shandon L td .  ), f ix ed  in  a l c o h o l - e t h e r

an d  s ta in e d  w ith  M a y - G r u n w a ld - G ie m s a .  D i f f e r e n t ia l  c e l l  c o u n ts  w e r e

p e r f o r m e d  on the  s m e a r s ,  300 -400  c e l l s  u s u a l ly  b e in g  co u n ted .

T he  o m e n tu m  f r o m  e a c h  a n im a l  w a s  r e m o v e d  an d  s p r e a d  on a

m i c r o s c o p e  s l id e ,  f ixed  in  a l c o h o l - e t h e r ,  an d  s ta in e d  w ith  M a y - G r u n w a ld -

G ie m s a .  The n u m b e r  of fo c a l  ly m p h o id  a g g r e g a t e s  w a s  co u n ted

: m a c r o s c o p i c a l l y .  The d e n s i t y  of c a r b o n  in  the  ly m p h o id  a g g r e g a t e s

| a n d  in  s m a l l  a g g r e g a te s  of p h a g o c y te s  in  the  o m e n tu m , to g e th e r  w ith

|
i
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th e  c h a r a c t e r  of the  o m e n ta l  c e l l u l a r  i n f i l t r a t e ,  w e r e  d e t e r m in e d  by 

m i c r o s c o p i c  e x a m in a t io n .

R e p r e s e n ta t i v e  s a m p le s  of l i v e r ,  s p le e n ,  th o r a c i c  a n d  m e d ia s t i n a l  

ly m p h  n o d e s  a n d  th y m u s  w e r e  f ix e d  in  10% f o r m o l - s a l i n e ,  p r o c e s s e d ,  

a n d  e m b e d d e d  in  p a ra f f in .  Six m i c r o n  s e c t io n s  w e r e  cu t a n d  s ta in e d  

w ith  h a e m a to x y l in  and  e o s in .  T h e  r e l a t i v e  a m o u n ts  of c a r b o n  in  the  

v a r io u s  t i s s u e s  w as  e s t i m a t e d  m i c r o s c o p i c a l l y  an d  i t s  d i s t r ib u t io n  

n o ted .

In t r a v e n o u s  C a rb o n  C le a r a n c e  S tu d ies

I n b r e d  N Z B , CBA a n d  B A L B /c  m ic e  a g e d  8 -10  w e e k s  a n d  9 -1 2  

m o n th s  w e r e  s tu d ied .  C a rb o n  c l e a r a n c e s  w e r e  p e r f o r m e d  u s in g  the  

m e th o d  d e s c r ib e d  by B io z z i ,  B e n a c e r r a f  a n d  H a lp e r n  (159a). E a c h  

m o u s e  w a s  in je c te d  in t r a v e n o u s ly  in to  the  l a t e r a l  t a i l  v e in  w ith  0. 1 m l  

p e r  10 g. of body w e ig h t o f  a  c o l lo id a l  c a r b o n  s u s p e n s io n  (16 m g /m l )  

( C l l / 1 4 3 1 a ,  G u n th e r ,  W a g n e r ,  H a n o v e r ,  G e rm a n y )  su sp e n d e d  in  a n  

a q u e o u s  so lu t io n  of g e la t in .  T he  m ic e  w e r e  b le d  f r o m  th e  r e t r o -  

o r b i t a l  v en o u s  p le x u s  p r i o r  to  a n d  a t  3, 6, 9, 12 a n d  15 m in u te s  

fo llo w in g  th e  c a r b o n  in je c t io n .  T w en ty  m i c r o l i t r e  s a m p le s  w e r e  

c o l l e c te d  in  s ta n d a r d  h e p a r i n i s e d  c a p i l l a r y  tu b e s  (D ru m m o n d  M ic r o c a p s ,  

Shandon  L td ),  an d  ly s e d  in to  2 m l  of 0. 1% s o d iu m  c a r b o n a te  so lu t io n .

T h e  c o n c e n t r a t io n  of c a r b o n  w a s  d e t e r m in e d  u s in g  a n  E E L  c o l o r i m e t e r .  

T h e  c o l o r i m e t e r  r e a d in g s  ( l o g ^ )  w e r e  p lo t te d  a g a in s t  t im e ,  an d  the  

p h a g o c y t ic  in d ex  (K) c a lc u la te d  u s in g  the  fo llo w in g  f o r m u la : -

lo g 10 C j  - lo g 10 C 2
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W h ere  K , = th e  p h a g o cy tic  in d ex  (u s in g  a  c a r b o n  c o n c e n t r a t io n
of 16 m g /m l )

C^ = c o l o r i m e t e r  r e a d in g  a t  t im e

a n d  C_ = c o l o r i m e t e r  r e a d in g  a t  t im e  T

Due to  v a r i a t i o n  in  th e  s iz e  of l i v e r s  a n d  s p le e n s  b e tw e e n

a n i m a l s ,  K is  c o r r e c t e d  f o r  the  r a t io  of l i v e r  an d  s p le e n  w e ig h t  to

body w e ig h t .  T h u s  the  c o r r e c t e d  p h a g o c y t ic  in d ex  (cA )

= W x 
w ls

W h ere  W = bodyw eigh t

a n d  w ls  = c o m b in e d  w e ig h t  of l i v e r  a n d  s p le e n

Kg = th e  p h a g o cy t ic  in d ex  u s in g  a  c a r b o n  c o n c e n t r a t io n  of 
8 m g / m l .

T h is  h a s  b e en  show n to  be tw ic e  th e  v a lu e  f o r  K , , ,  a n d  is  c o n v e r t e d1 b

to  K 0 f o r  the  c a lc u la t io n s  a s  m a n y  of th e  e a r l y  s tu d ie s  of p h a g o c y to s isO

in  m ic e  w e r e  p e r f o r m e d  u s in g  a c a r b o n  c o n c e n t r a t io n  of 8 m g / m l .
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TOTAL PERITONEAL CELL RESPONSE TO CARBON IN YOUNG MICE

NZB
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c 3H f  
BALB C

days 7 days 26 days15 hrh r lh r  6 hr
TIME

F ig .  9. T o ta l  p e r i t o n e a l  c e l l u l a r  r e s p o n s e  to  c o l lo id a l  

c a r b o n  in  6 s t r a i n s  of m ic e .
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R E SU L T S

No m a r k e d  s e x  d i f f e r e n c e  in  the  p e r i t o n e a l  c e l l  c o u n ts  w a s  found 

an d  so th e  r e s u l t s  in  m a le s  a n d  f e m a le s  of e a c h  s t r a i n  h av e  b e e n  

c o n s id e r e d  to g e th e r .

(1) T o ta l  p e r i t o n e a l  c e l l  r e s p o n s e  (F ig .  9).

T h e  m e a n  c o n t r o l  to ta l  p e r i t o n e a l  c e l l  c o u n ts  r a n g e d  b e tw ee n  1. 5 

an d  2. 5 x  10 c e l l s / m o u s e  in  the  s ix  s t r a i n s  of m ic e  s tu d ie d ,  w ith  

w ide  o v e r l a p  of in d iv id u a l  c o u n ts  b e tw e e n  the  s t r a i n s .  T he  h ig h e s t  

m e a n  c o u n ts  w e r e  in  N ZB (2. 5 x  10^) a n d  BW F^ (2. 0 x  10^) m ic e .

T h e  g e n e r a l  p a t t e r n  of to ta l  c e l l  r e s p o n s e  fo llow ing  c a r b o n  in je c t io n  

w a s  s i m i l a r  in  a l l  s t r a i n s .  T h e r e  w a s  an  a b r u p t  f a l l  in  th e  n u m b e r
i

of c e l l s  to  m in im u m  v a lu e s  a t  30 m in u te s  ( r a n g e  of m e a n s :  0. 7 -

1. 2 x  10^) fo llow ed  by a  r i s e  w h ich  r e a c h e d  a  p e a k  a t  3 d ay s  ( r a n g e  of

m e a n s :  3. 5 - 6. 3 x  10^). A t th i s  po in t N Z B  (6. 3 x  10^) a n d  BWF^

(5. 5 x  106) m ic e  h a d  th e  h ig h e s t  c e l l  co u n ts  a n d  B A L B /c  m ic e  the  

6.
lo w e s t  (3 , 5 x 10 ). T o ta l  c e l l  c o u n ts  th e n  f e l l  to  a  t ro u g h  by  day  7

( r a n g e  of m e a n s :  3. 1 - 4. 8 x  10 ) an d  though  N Z B  m ic e  s t i l l  h a d  the

6.
h ig h e s t  m e a n  c e l l  coun t (4. 8 x 1 0  ), th e  m e a n  c e l l  coun t in  BW F^

6,
m ic e  w a s  a p p r e c ia b ly  lo w e r  (3. 5 x 1 0  ) a t  t h i s  t im e .  A  p r o g r e s s i v e  

r i s e  in t o ta l  c e l l  c o u n ts  th e n  o c c u r r e d  an d  p e r s i s t e d  f o r  up to 3 m o n th s ,  

a t  w h ich  t im e  th e  N ZB, NZW a n d  BWF^ m ic e  h a d  h ig h e r  c o u n ts  (7. 5 -

7. 7 x 10^) th an  the  o th e r  t h r e e  c o n t ro l  s t r a i n s  of m ic e  (3. 3 - 6. 2 x  10^).

(2) D i f f e r e n t ia l  c e l l  c o u n ts .

Due to  th e  d e n s i ty  of c a r b o n  in  th e  p e r i t o n e a l  ex u d a te ,  d i f f e r e n t i a l
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F ig .  10. P e r i t o n e a l  p o ly m o r p h o n u c le a r  le u c o c y te  r e s p o n s e  to

c o l lo id a l  c a r b o n  in  6 s t r a i n s  of m ic e .

a) T o ta l  p o ly m o r p h  coun t.

b) P e r c e n ta g e  of to ta l  p e r i t o n e a l  c e l l  coun t.
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F ig .  11. P e r i t o n e a l  m a c r o p h a g e  r e s p o n s e  to  c o l lo id a l  c a r b o n  

in  6 s t r a i n s  of m ic e .

a) T o ta l  m a c r o p h a g e  coun t.

b) P e r c e n t a g e  of to ta l  p e r i t o n e a l  c e l l  co un t.
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c e l l  c o u n ts  w e r e  not p o s s ib le  a t  5, 30 a n d  60 m in u te s  fo llow ing  in je c t io n .  

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

cou ld  not be o b ta in ed  a t  6 h o u r s  in  CBA an d  NZW  m ic e ,  o r  a t  7 days  

in  CBA m ic e .

P o ly m o r p h o n u c le a r  le u c o c y te  r e s p o n s e

F r o m  F ig .  10 i t  can  be  s e e n  th a t  c o n t ro l  u n in je c te d  m ic e  h a d  on ly

v e r y  s m a l l  n u m b e r s  of p o ly m o r p h s  in  th e  p e r i t o n e a l  e x u d a te  (m e a n
4

co u n ts  1 . 5 -  9. 5 x  10 ) bu t fo llow ing  th e  in je c t io n  of c a rb o n ,  t h e r e  

w a s  a  r a p id  r i s e  in  both  the  a b s o lu te  p o ly m o r p h  c o u n ts  a n d  t h e i r  

p r o p o r t io n  of th e  to ta l  c e l l  c o u n ts .  M a x im u m  p o ly m o rp h  r e s p o n s e s  

o c c u r r e d  b e tw een  6 and  24 h o u r s .  By 3 d a y s  a  m a r k e d  f a l l  in  

p o ly m o r p h  c o u n ts  had  o c c u r r e d ,  and  by  7 d a y s  th e y  h ad  r e t u r n e d  to 

c o n t r o l  l e v e l s .  T h e re  w e r e  no m a r k e d  i n t e r s t r a i n  d i f f e r e n c e s  in  

p o ly m o r p h  r e s p o n s e .

P e r i t o n e a l  m a c r o p h a g e  r e s p o n s e  (F ig .  11).

T he  m e a n  m a c r o p h a g e  c o u n ts  p e r  m o u s e  in  c o n t r o l  u n in je c te d  m ic e

6 6 r a n g e d  f r o m  0. 33 - 1. 6 x  10 , the  h ig h e s t  b e in g  in  N ZB (1. 6 x  1 0 )  a n d

6 6 
B W F j (1. 45 x  10 ), an d  the  lo w e s t  in  C3Hf m ic e  (0. 33 x  10 ). T he

m a c r o p h a g e  co u n ts  d id  not ch an g e  o v e r  th e  f i r s t  6 -2 4  h o u r s ,  a l th o u g h

t h e i r  p r o p o r t io n  of the  to ta l  p e r i t o n e a l  e x u d a te  c e l l  c o u n ts  fe l l .

T h i s  p e r io d  c o r r e s p o n d s  in  t im e  to  the  m a x im u m  p o ly m o rp h  r e s p o n s e .

A f t e r  24 h o u r s  t h e r e  w as  a  r i s e  in  m a c r o p h a g e  c o u n ts ,  b o th  a b s o lu te

a n d  in  t h e i r  p ro p o r t io n  of to t a l  p e r i t o n e a l  c e l l s .  T hough  the  a b s o lu te

m a c r o p h a g e  coun ts  p eak e d  a t  day  3, t h e i r  p r o p o r t io n  of to ta l  p e r i t o n e a l

c e l l s  c o n tin u ed  to r i s e  to day  7. B e tw een  7 a n d  28 d a y s ,  a b s o lu te
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F ig .  12. P e r i t o n e a l  ly m p h o c y te  r e s p o n s e  to  c o l lo id a l  

c a r b o n  in  6 s t r a i n s  of m ic e .

a) T o ta l  ly m p h o c y te  coun t.

b) P e r c e n ta g e  of to ta l  p e r i t o n e a l  c e l l  coun t.
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F ig .  13. P e r i t o n e a l  s m a l l  ly m p h o c y te  r e s p o n s e  to  c o l lo id a l  

c a rb o n  in  6 s t r a i n s  of m ic e .

a) T o ta l  s m a l l  ly m p h o c y te  co u n t.

b) P e r c e n t a g e  of to ta l  p e r i t o n e a l  c e l l  coun t.
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P ig .  14. P e r i t o n e a l  l a r g e  ly m p h o c y te  r e s p o n s e  to  c o l lo id a l  

c a r b o n  in  6 s t r a i n s  of m ic e .

a) T o ta l  l a r g e  ly m p h o c y te  coun t.

b) P e r c e n t a g e  of to ta l  p e r i t o n e a l  c e l l  coun t.



MACROPHAGES CONTAINING CARBON (YOUNG MICE)

NZB
NZB x NZW FI
CBA

L'

COwo
<
X0.oeo
<

IS hrs 24 hrs days 7 days 

TIME

28 days 3 months

R e m o v a l  of c a r b o n - l a d e n  m a c r o p h a g e s  f r o m  th e  

p e r i t o n e a l  c a v i ty .  C a r b o n - l a d e n  m a c r o p h a g e s  

e x p r e s s e d  a s  a  p e r c e n ta g e  of t o t a l  p e r i t o n e a l  

m a c r o p h a g e s .



m a c r o p h a g e  c o u n ts  r o s e  in  a l l  bu t N ZB m ic e ,  a n d  t h e i r  p r o p o r t io n  o f 

to ta l  p e r i t o n e a l  c e l l s  r o s e  in  a l l  but N Z B  and  C3Hf m ic e .  A t  3 m o n th s ,  

a b s o lu te  m a c r o p h a g e  c o u n ts  r e m a in e d  a t  h igh  l e v e l s ,  a l th o u g h  a  s m a l l  

d e c r e a s e  v/as e v id en t  in  C 3H f a n d  CBA m ic e .

L y m p h o cy te  r e s p o n s e  (F ig .  12).

5
C o n t r o l  m e a n  ly m p h o c y te  co u n ts  r a n g e d  f r o m  3 . 8 -  7 . 7 x 1 0  .

Six h o u r s  fo llow ing  th e  in je c t io n  of c a rb o n ,  a  m a r k e d  f a l l  in  a b s o lu te  

ly m p h o c y te  co u n ts  h ad  o c c u r r e d  in  a l l  s t r a i n s  and  c o u n ts  r e m a in e d  

low f o r  24 h o u r s  e x c e p t  in  N ZB  m ic e  w h ich  sho w ed  a  sp ik e  a t  1 5 h o u r s .

A  r i s e  in  a b so lu te  ly m p h o c y te  co u n ts  h ad  o c c u r r e d  by day  3 in  a l l  bu t 

NZW m ic e ,  an d  a p a r t  f r o m  a  m in o r  t r o u g h  a t  d ay  7, th i s  r i s e  w as  

e s s e n t i a l l y  m a in ta in e d  o v e r  3 m o n th s  by  w h ich  t im e  ly m p h o c y te  c o u n ts  

o f  NZW m ic e  did  not d i f f e r  f r o m  th o s e  in  the  o th e r  s t r a i n s .  T he  

p a t t e r n s  of r e s p o n s e s  of s m a l l  ly m p h o c y te s  (F ig .  13) a n d  l a r g e  

ly m p h o c y te s  (F ig .  14) w e r e  a lm o s t  id e n t ic a l  to  th a t  of th e  to ta l  

ly m p h o c y te  r e s p o n s e .

(3) R e m o v a l  of c a r b o n - l a d e n  m a c r o p h a g e s  
f r o m  th e  p e r i t o n e a l  c a v i ty  (F ig .  15).

T h e  p e r c e n ta g e  o f  m a c r o p h a g e s  co n ta in in g  c a r b o n  b e g an  to fa l l  

s lo w ly  a f t e r  day  7 but h ad  r i s e n  a g a in  s l ig h t ly  by  3 m o n th s  a t  w h ic h  

t im e  t h e r e  w as  an  i n c r e a s e d  p r o p o r t io n  of l e s s  h e a v i ly  la d e n  c e l l s ;  

t h e s e  h a v e  p r e s u m a b ly  p h a g o c y to s e d  c a r b o n  r e l e a s e d  f r o m  d e ad  

m a c r o p h a g e s .
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(4) O m e n ta l  c h a n g e s .

A g g r e g a t e s  of c a r b o n  w e r e  ev id en t  m a c r o s c o p i c a l l y  on the  

p e r i t o n e a l  s u r f a c e s  6 h o u r s  a f t e r  in je c t io n .  L y m p h o id  a g g r e g a t e s  

w e r e  q u i te  h e a v i ly  la d e n  w ith  c a r b o n  a t  th is  t i m e  a n d  m i c r o s c o p i c a l ly  

th e r e  w e r e  a l s o  s m a l l  a g g r e g a t e s  of c a r b o n  w i th in  th e  o m e n tu m .

F r o m  6 h o u r s  a n d  o n w a rd s ,  th e  p r o p o r t io n  o f  d i f f e r e n t  c e l l  ty p e s  in  

the  o m e n ta l  c e l l u l a r  i n f i l t r a t e  p a r a l l e l e d  th o s e  in  th e  p e r i t o n e a l  c av i ty .

A t 3 m o n th s  c o n s id e r a b le  c a r b o n  d e p o s i t io n  w a s  s t i l l  p r e s e n t  in  ly m p h o id  

a g g r e g a t e s  w ith in  th e  o m e n tu m . No s t r a i n  d i f f e r e n c e s  w e r e  n o ted .

(5) D is t r ib u t io n  of c a r b o n  w ith in  t i s s u e s .

W ith in  5 m in u te s  of in je c t io n ,  t r a c e s  o f  c a r b o n  w e r e  v i s ib le  w ith in  

the  s u b c a p s u l a r  a n d  c o r t i c a l  s in u s e s  of t h o r a c i c  ly m p h  n o d e s ,  an d  by 

30 m in u te s  th e s e  d e p o s i t s  w e r e  h e a v y  a n d  e x te n d e d  in to  th e  m e d u l l a r y  

s in u s e s .  A t 3 m o n th s  t h e s e  h e av y  d e p o s i t s  in  m e d u l l a r y  z o n e s  w e r e  

u n c h an g e d ,  though th e y  h ad  d e c r e a s e d  in  s u b c a p s u la r  a n d  c o r t i c a l  z o n es .

W ith in  30 m in u te s  of in je c t io n ,  th e  K u p p fe r  c e l l s  of th e  l i v e r  w e r e  

q u i te  h e a v i ly  la d en  w ith  c a r b o n  an d  by 24 h o u r s  th e y  w e r e  c o m p le te ly  

" e n g o r g e d " , and  r e m a in e d  so up to 28 d a y s .  T h e  a m o u n t  of c a r b o n  

w ith in  th e  l i v e r  w a s  m a r k e d ly  r e d u c e d  a t  3 m o n th s  in  a l l  bu t th e  

B A L B /c  m ic e ,  in  w h ich  t h e r e  w a s  no a p p a r e n t  d im in u t io n .

In a l l  s t r a i n s  of m ic e  a t  a l l  t im e s ,  c a r b o n  d e p o s i t s  o c c u r r e d  in  

p e r i f o l l i c u l a r  z o n es  o f  th e  sp le e n ,  a n d  in  a  d if fu se  m a n n e r  th ro u g h o u t  

th e  r e d  pu lp , w ith  o c c a s io n a l  t r a c e s  in  the  w h ite  pu lp  a ro u n d  th e  

c e n t r a l  a r t e r i o l e s .  T h e r e  w a s  m a r k e d  i n t e r - s t r a i n  v a r i a t i o n  in  the
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a m o u n ts  of c a r b o n  in  p e r i f o l l i c u l a r  z o n es  o v e r  the  f i r s t  24 h o u r s  

a f t e r  in je c t io n .  Up to  th i s  t im e  th e  m o s t  r a p id  c a r b o n  

a c c u m u la t io n  o c c u r r e d  in  CBA an d  C3Hf m ic e .  A f t e r  th is  t im e  

t h e r e  w a s  no r e a l  d i f f e r e n c e s  b e tw e e n  s t r a i n s  in  sp len ic  

a c c u m u la t io n  of c a rb o n .  By 3 m o n th s ,  t h e r e  w as  l i t t l e  c a r b o n  

r e m a in in g  in  the  s p le e n s  of a l l  s t r a i n s  e x c e p t  B A L B /c ,  in  w h ich  

s ig n i f ic a n t  d e p o s i t s  w e r e  s t i l l  p r e s e n t .

C a r b o n  c l e a r a n c e s  (T ab le  3a)

T he  r e la t io n s h ip  of th e  to ta l  body w e ig h t  to  the  w e ig h ts  of 
W

l i v e r  a n d  s p le e n  (w ls), sh o w s s t r ik in g  in t e r  s t r a i n  v a r i a t i o n s .
W

N ZB  m ic e  had  s ig n if ic a n t ly  h ig h e r  v a lu e s  f o r  w ls, (show ing  th a t

t h e i r  l i v e r s  an d  sp lee n s  a r e  s m a l l e r  in  p r o p o r t io n  to  t h e i r  to t a l

body w e ig h t) ,  th a n  e i th e r  young o r  o ld  B A L fe /c  (t  = 3 .2 4 0 6 ,

p<Co.0025 fo r  young m ic e ;  t = 1.7456, p < ^ 0 .0 5  f o r  o ld  m ic e )  o r
W

young CBA m ic e  (t = 7 .4 7 7 0 ,  p < P  .0 0 0 5  fo r  young  m ic e ) 0w ls  f o r

old  NZB m ic e  d id  not d i f f e r  s ig n i f ic a n t ly  f r o m  th a t  c a lc u la te d  f o r
W

o ld  CBA m ic e .  Young B A L B /c  m ic e  h ad  h ig h e r  w ls  v a lu e s  th a n  

CBA m ic e  (16. 2 ^ 2 .1  a n d  14. 5 ^ 0. 5 r e s p e c t iv e ly ,  t  = 2. 1542,

p ^ 0 . 0 2 5 ) ,  w h e r e a s  o ld  B A L B /c  m ic e  h a d  lo w e r  v a lu e s  th a n  CBA

+ + /  m ic e  (14 , 4 - 1 .5  an d  16. 6 - 1 .1  r e s p e c t iv e ly ,  t  = 4. 0961, ps^O. 0005).

T h e  p h a g o cy t ic  in d ic e s  ( K ^ )  c a lc u la te d  f o r  th e  s ix  g ro u p s  of m ic e

a g a in  sh o w ed  m a r k e d  i n t e r s t r a i n  v a r i a t i o n s ,  w ith  NZB m ic e  h av in g

s ig n i f ic a n t ly  lo w e r  v a lu e s  (c£ young B A L B /c  m ic e  t = 3. 3725,

p < ^ 0 .0 0 2 5 ;  o ld  B A L B /c  m ic e  t = 2. 4355, p ^ 0 . 0 2 ;  young  CBA m ic e

t  = 9. 6250, p * \0 .  0005; o ld  CBA m ic e  t  = 1.7109,, p ^ 0 . 0 5 ) .
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A lth o u g h  o ld  CBA an d  B A L B /c  m ic e  d id  no t d i f f e r  s ig n if ic a n t ly ,  

young  CBA m ic e  h a d  h ig h e r  v a lu e s  th a n  young  B A L B /c  m ic e  

(t = 4 .9 2 7 3 ,  p ^ O .  0005).

W hen c o r r e c t e d  f o r  body  w e ig h t  a g a in s t  l i v e r  a n d  s p le e n  w e ig h ts ,  

the  c o r r e c t e d  p h a g o cy t ic  in d ic e s  (^ )  show ed  l i t t l e  i n t e r  s t r a i n  

v a r i a t io n .
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DISCUSSION

T he o v e r a l l  p a t t e r n s  of p e r i t o n e a l  c e l l u l a r  r e s p o n s e s  to  c a rb o n ,

and i t s  d i s t r i b u t io n  w ith in  the  t i s s u e s  h av e  b e e n  s tu d ie d ,  and  w e r e

n o t show n to be s ig n i f ic a n t ly  d i f f e r e n t  in  the  s ix  s t r a i n s  of m ic e

s tu d ie d .  In p a r t i c u l a r  the  c h a n g e s  in  N ZB  an d  B W F^ m ic e  w e r e  n o t

shown to  d i f f e r  s ig n i f ic a n t ly  f r o m  c o n t r o l  s t r a i n s ;  a l th o u g h  the  to ta l

p e r i t o n e a l  c e l l  co u n ts  te n d e d  to  be h ig h e r  in  t h e s e  two s t r a i n s ,  t h e i r

d i f f e r e n t i a l  c e l l  c o u n ts  w e r e  s i m i l a r  to  th o s e  of the  o th e r  fo u r  s t r a i n s .

A p a r t  f r o m  the  k in e t i c s  of the  p e r i t o n e a l  c e l l u l a r  r e s p o n s e ,  th is  •

e x p e r im e n t  a l s o  p r o v id e s  an  in d e x  of p h a g o c y to s is  of c o l lo id a l  c a r b o n

b y  p o ly m o r p h o n u c le a r  l e u c o c y te s ,  p e r i t o n e a l  m a c r o p h a g e s ,  and  the

fixed  m a c r o p h a g e  of t h o r a c ic  ly m p h  n o d e s ,  l i v e r  and  s p le e n ;  no

s ig n i f i c a n t . a b n o r m a l i ty  of p h a g o c y to s is  i n N Z  m ic e  w as  d e te c te d .

S tu d ie s  of i n t e r s t r a i n  d i f f e r e n c e s  of p h a g o c y to s is  by p o ly m o r p h o n u c le a r

le u c o c y te s  and  p e r i t o n e a l  m a c r o p h a g e s  h av e  to  m y  know ledge  n o t  b e en

p e r f o r m e d ,  b u t s tu d ie s  of p h a g o c y to s is  by  the  f ix ed  m a c r o p h a g e s  of

l i v e r  and  s p le e n  by  the  c l e a r a n c e  of i n t r a v e n o u s  c o l lo id a l  c a r b o n  h av e

show n l i t t l e  o r  no i n t e r s t r a i n  v a r i a t i o n  of the  c o r r e c t e d  p h a g o cy t ic

in d ic e s  ( ^ ) (1 6 0 -1 6 2 ) .  S tu d ie s  by  M o r to n  and  S ieg e l  (163) show ed

n o r m a l  in t r a v e n o u s  c a r b o n  c l e a r a n c e  by  N Z m i c e ,  and  th is  a g r e e s

w ith  m y  r e s u l t s ,  w h ich  h av e  show n th a t  a l th o u g h  N ZB  m ic e  h av e

lo w e r  K . , v a lu e s  th a n  the  o th e r  two s t r a i n s ,  once  c o r r e c t i o n  i s  m a d e  1 o

f o r  body  w e ig h t  in  r e l a t i o n  to  l i v e r  an d  s p le e n  w e ig h ts  th e n  th e r e  is
W

no  s ig n i f ic a n t  i n t e r s t r a i n  d i f f e r e n c e .  The h ig h  w ls  v a lu e  in  old



NZB m ic e  m u s t  be c o m m e n te d  on a s  one w o u ld  e x p e c t  l a r g e  s p le e n  

w e ig h ts  a s  a  r e s u l t  of the  h a e m o ly t ic  a n a e m ia  w h ich  th ey  d e v e lo p .  

H o w e v e r ,  o ld  N ZB m ic e  in  o u r  co lony  a l s o  b e c a m e  m a r k e d ly  o b e s e  

w ith  a g e  a n d  th is  o f f s e ts  th e  i n c r e a s e d  s p le e n  w e ig h ts .

A lth o u g h  one m u s t  c o n c lu d e  f r o m  th e s e  e x p e r im e n t s  th a t  t h e r e  

i s  no e v id e n c e  of a b n o r m a l i t y  in  th e  c e l l u l a r  r e s p o n s e  to ,  a n d  th e  

p h a g o c y to s is  of, a d m i n i s t e r e d  c o l lo id a l  c a r b o n ,  one m u s t  e x e r c i s e  

cau t io n  b e fo re  co n c lu d in g  th a t  p h a g o c y to s is  i s  n o r m a l  in  t h e s e  

a n im a l s .  C a rb o n  is  r e l a t i v e ly  n o n - to x ic  a n d  is  no t im m u n o g e n ic ;  

i t  i s  c o n c e iv a b le  th a t  the  m a c r o p h a g e s  of N Z m ic e  m ig h t  be show n 

to  re s p o n d  a b n o r m a l ly  to  sh e e p  e r y t h r o c y t e s  o r  th e  so lu b le  p r o t e in  

a n t ig e n s  to  w h ich  th e s e  m ic e  a r e  know n to  p r o d u c e  e x a g g e r a te d
i

im m u n e  r e s p o n s e s .  M o re  a c c u r a t e  a s s e s s m e n t  of p e r i t o n e a l  

m a c r o p h a g e  fu n c tio n  m ig h t  be o b ta in e d  by  in  v i t r o  s tu d ie s  of 

p h a g o c y to s is ,  w h ich  m a y  d i s c l o s e  fu n c t io n a l  d e fe c t s  of r e l e v a n c e  

to  the  p a th o g e n e s i s  of a u to - im m u n e  d i s e a s e  in  NZ m ic e .



CH A PTE R  4.

IN VITRO STUDIES ON T H E  PHAGOCYTOSIS O F  

STA PH Y LO CO CCU S A UREUS BY P E R IT O N E A L  

M ACROPHAGES O F  NEW ZE A L A N D  M ICE



IN TRO D U CTIO N

A s th e  p h a g o c y to s is  of c o l lo id a l  c a r b o n  w a s  shown to be n o r m a l  

in  the  p r e v io u s  c h a p te r ,  i t  w a s  d e c id e d  to  s tu d y  the  fu n c tio n  of m o u s e  

p e r i to n e a l  m a c r o p h a g e s  in  v i t r o .  In th i s  c h a p te r  I d e s c r i b e  a  s e r i e s  

of e x p e r im e n t s  on the  a b i l i ty  of p e r i t o n e a l  m a c r o p h a g e s  of s ix  s t r a i n s  

of m ic e  to  p h a g o cy to se  a n d  s u b se q u e n t ly  k i l l  S ta p h y lo c o c cu s  a u r e u s  

in  a  s u p r a v i t a l  s y s te m .



M A T ER IA L S AND M ETHODS

M ice  a g e d  6-8  w eek s  of th e  i n b r e d  s t r a i n s  N ZB , NZW, CBA,

C3Hf an d  B A L B /c ,  and  BW F^ m ic e  w e r e  in v e s t ig a te d .  O ld e r  NZB 

and  CBA m ic e ,  ag ed  9 -10  m o n th s ,  w e r e  a l s o  s tu d ie d .

T he  m e th o d  u s e d  w as  b a s e d  on th a t  d e s c r i b e d  by H o lm e s ,  Q u ie ,  

W in d h o rs t ,  P o l l a r a  an d  G ood (164) f o r  s tu d y in g  p h a g o c y to s is  by  

p o ly m o r p h o n u c le a r  le u c o c y te s .  T h e  p r in c ip le  of th e  m e th o d  i s  

to in c u b a te  a  known n u m b e r  of p e r i t o n e a l  m a c r o p h a g e s  w ith  a  know n 

n u m b e r  o f  b a c t e r i a  and  to  d e t e r m in e  th e  n u m b e r  of b a c t e r i a  w h ich  

h ad  b e en  p h a g o cy to se d  a t  a  g iven  t im e .  C e l l u l a r  b a c t e r i c i d a l  

a c t iv i ty  w a s  e s t im a te d  by ad d in g  a n t ib io t ic s  to  k i l l  e x t r a c e l l u l a r  

b a c t e r i a ,  w a sh in g  and  ly s in g  the  c e l l s ,  an d  d e te r m in in g  the  n u m b e r  

of v ia b le  b a c t e r i a  r e l e a s e d .  T h is  n u m b e r  w a s  th e n  s u b t r a c t e d  f r o m  

the  to ta l  n u m b e r  p h a g o c y to s e d  to g ive  th e  n u m b e r  k i l l e d  by  m a c r o p h a g e s

P r e p a r a t i o n  of s u sp e n s io n s  of p e r i t o n e a l  m a c r o p h a g e s

P e r i t o n e a l  ex uda tion  w a s  s t im u la te d  by  th e  i n t r a p e r i t o n e a l  in je c t io n

of 1 m l.  of 0.1% g lycogen  in  0. 15 M s a l in e .  F o u r  d ay s  l a t e r  the

m ic e  w e r e  k i l l e d  by c e r v i c a l  d is lo c a t io n  an d  th e  p e r i t o n e a l  c a v i ty  w as

e x p o s e d  a s e p t i c a l ly .  Tw o m l.  of H a n k 's  s o lu t io n ,  co n ta in in g  10

u n i t s  of p r e s e r v a t i v e  f r e e  h e p a r in  w a s  in je c te d  in to  the  p e r i t o n e a l

c a v i ty  a n d  the  p e r i to n e a l  f lu id  im m e d ia te ly  w i th d ra w n  a n d  p la c e d  in

s t e r i l e  s i l i c o n is e d  t e s t  tu b e s .  T h e  a s p i r a t e s  f r o m  4 m ic e  of th e

s a m e  s t r a in  w e r e  poo led  in  e a c h  tube . T h e  p e r i t o n e a l  a s p i r a t e s

ow e r e  c e n t r i fu g e d  a t  250 g. fo r  10 m in u te s  a t  4 C, an d  th e  c e l l  bu tton  

o b ta in e d  w as w a sh e d  t h r i c e  in  H a n k 's  so lu t io n  a n d  f in a l ly  r e s u s p e n d e d
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F ig .  16. F low  d ia g ra m  of m ethod  of m e a s u r in g  phagocytic

ind ices  and b a c te r ic id a l  a c t iv i ty  of p e r i to n e a l

m ac ro p h a g e s .



38.

in  1 m l .  of H a n k ’s so lu t io n  c o n ta in in g  10% fo e ta l  c a l f  s e r u m .  A 

to ta l  c e l l  co u n t wa-s p e r f o r m e d  and  the  v o lu m e  th e n  a d ju s te d  to  g ive  

2. 0 x  10^ c e l l s / m l .  A s m e a r  of the  c e l l  s u s p e n s io n  w as  m a d e  and 

s ta in e d  w ith  M a y - G r u n w a ld - G ie m s a  fo r  a  d i f f e r e n t i a l  c e l l  co u n t.  

S ix ty - f iv e  to  80% of the  c e l l s  in  the  p e r i t o n e a l  e x u d a te s  w e r e  

m a c r o p h a g e s  and 2-4%  w e r e  p o ly m o r p h o n u c le a r  l e u c o c y te s ,  the  

r e m a i n d e r  b e in g  ly m p h o c y te s .

£
O n e -h a l f  m l .  of the  c e l l  s u s p e n s io n s ,  c o n ta in in g  1. 0 x  10 c e l l s ,  

w a s  p la c e d  in  2 s e r i e s  e ac h  of 4 t e s t  tu b e s  ( tu b es  1 -4 ) .

; S ta p h y lo c o c c u s  a u r e u s

I A n o v e rn ig h t  c u l tu re  in  n u t r i e n t  b r o th  of th e  O x fo rd  s t r a i n
It
| (N C TC 6571) of S tap h y lo c o c cu s  a u r e u s  w a s  w a sh e d  t h r i c e  in  D. 15 M

s a l i n e ,  and  th e n  m a d e  up to  i t s  o r ig in a l  v o lu m e  in  H a n k 's  so lu t io n ,  

c o n ta in in g  10% fo e ta l  c a l f  s e r u m .  The b a c t e r i a l  c o n c e n t r a t io n  of
i
I 12 -  24 x  10 o r g a n i s m s  p e r  m l .  O n e - h a l f  m l .  of th i s  f in a l
|
j  s u s p e n s io n  w a s  ad d ed  to  the  c e l l  s u s p e n s io n s  of b o th  s e r i e s  and  to
S
i

a c o n t ro l  tube  co n ta in in g  0. 5 m l .  of H a n k ’s so lu t io n  w ith  10% fo e ta l  

| c a l f  s e r u m .

D e te r m in a t io n  of the  p h a g o cy t ic  in d ic e s  and  b a c t e r i c i d a l  a c t i v i ty  of 

p e r i t o n e a l  m a c r o p h a g e s  (F ig .  16).

A ll  the  tu b e s  w e re  in c u b a te d  in  a  w a t e r - b a t h  f o r  30 m in u te s  a t  

3 7 °C , and  th e n  c e n t r i fu g e d  a t  250 g. a t  4 °C  f o r  10 m in u te s  in  o r d e r

| to  s e p a r a t e  f r e e  b a c t e r i a  f r o m  th o se  p h a g o c y to s e d  o r  a d h e r e n t  to  the
|

| m a c r o p h a g e  c e l l  m e m b r a n e s .  T he s u p e r n a ta n t s  f r o m  e a c h  s e r i e s



of 4 tu b e s  w e r e  pooled , an d  to g e th e r  w ith  the  c o n t r o l  tu b e ,  k e p t  in  

an  i c e - b a t h  u n ti l  the  end of th e  e x p e r im e n t .  T he  c e l l s  w e r e  w a sh e d  

t h r e e  t im e s  in  H a n k 's  so lu tio n ,  a n d  th o s e  f r o m  tu b e s  3 a n d  4 w e r e  

r e s u s p e n d e d  in  0. 5 m l.  of H a n k 's  so lu t io n  c o n ta in in g  10% fo e ta l  c a l f  

s e r u m  a n d  a n t ib io t ic s  (p e n ic i l l in  100 u n i t s / m l .  , s t r e p to m y c in  100^ ig /m l . ) .  

T h e s e  tu b e s  w e re  r e in c u b a te d  a t  37°C , tu b e  3 f o r  a  f u r t h e r  30 m in u te s  

an d  tu b e  4 f o r  a  f u r th e r  90 m in u te s ,  a f t e r  w h ic h  th e y  w e r e  c e n t r i fu g e d  

a s  b e fo re  an d  the  c e l l s  w a s h e d  th r e e  t i m e s  in  H a n k 's  so lu tio n .

T h e  c e l l s  f r o m  tube  1 w e r e  s m e a r e d  on a  m ic r o s c o p e  s l id e ,  a n d  

s ta in e d  w ith  M a y - G r u n w a ld - G ie m s a  in  o r d e r  to  count th e  n u m b e r  of 

b a c t e r i a  in g e s te d  by in d iv id u a l  m a c r o p h a g e s .

T h e  c e l l s  f r o m  tu b e s  2, 3 an d  4 in  e a c h  s e r i e s  w e r e  ly s e d  by th e  

a d d i t io n  o f  1 m l.  s t e r i l e  d i s t i l l e d  w a te r .  S e r i a l  t e n - f o ld  d i lu t io n s  

of th e  c e l l  l y s a t e s ,  an d  of th e  s u p e r n a ta n t s  o f  a l l  tu b e s ,  in c lu d in g  

th e  c o n t r o l  tu b e s ,  w e re  m a d e ;  s a m p le s  w e r e  in c u b a te d  on b lo o d  a g a r  

a t  37°C  f o r  16 h o u rs ,  an d  b a c t e r i a l  c o lo n ie s  cou n ted .

T he  n u m b e r  of b a c t e r i a  p h a g o c y to s e d  w a s  c a lc u la te d  f r o m  the  

d i f f e r e n c e  b e tw een  the  b a c t e r i a l  coun t in  th e  c o n t r o l  tu b e  a n d  th o s e  

o f  th e  s u p e r n a ta n ts  (of tu b e s  1-4) a t  30 m in u te s .  T h e  p h a g o cy tic  

in d ic e s  w e r e  d e te r m in e d  by d iv id ing  th e  n u m b e r  of b a c t e r i a  p h a g o ­

c y to s e d  by  th e  n u m b e r  of m a c r o p h a g e s  in  e a c h  tu b e ,  th e  l a t t e r  b e in g  

e s t i m a te d  f r o m  the  to ta l  a n d  d i f f e r e n t i a l  c e l l  c o u n ts  (165). T h is  

m e th o d  w a s  a d o p ted  a s  a t t e m p t s  to d e t e r m in e  th e  p h a g o cy t ic  in d ic e s  

by  co u n tin g  the  n u m b e r  of b a c t e r i a  p h a g o c y to s e d  p e r  c e l l  in  s ta in e d



s m e a r s  p ro v e d  im p o s s ib le  due to  th e  l a r g e  n u m b e r  of b a c t e r i a  engu lfed  

by so m e  of th e  c e l l s .  T h e  n u m b e r s  of v ia b le  i n t r a c e l l u l a r  b a c t e r i a  

a t  30, 60 an d  120 m in u te s  w e r e  e x p r e s s e d  a s  a  p e r c e n ta g e  of the  

n u m b e r  of b a c t e r i a  p h a g o c y to s e d ,  a s  p r e v io u s ly  m e n tio n e d .

D ay to day  v a r i a t i o n  in  the  m e th o d

A m a r k e d  day  to  day  v a r i a t i o n  w a s  found in  th e  p h a g o cy t ic  in d ic e s ,  

v a lu e s  v a r y in g  by up  to  30% in  e a c h  s t r a i n .  T h is  a p p e a r s  to  be due 

to  th e  s iz e  of the  b a c t e r i a l  in o c u lu m , l a r g e r  in o c u la  be in g  a s s o c i a t e d  

w i th  h ig h e r  p h ag o cy tic  in d ic e s .  F o r  th i s  r e a s o n ,  on e a c h  day , 

m a c r o p h a g e s  f r o m  a l l  s t r a i n s  of m ic e  a n d  of th e  s a m e  sex  v /e re  

s tu d ie d  s im u l ta n e o u s ly ,  a n d  th e  o b s e r v a t io n s  r e p e a te d  on 4 o c c a s io n s .  

T h e  on ly  e x ce p t io n  to th i s  w a s  th e  e x p e r im e n t  c o m p a r in g  th e  fu n c t io n  

o f  o ld  a n d  young N Z B  m a c r o p h a g e s ,  w h ich ,  due to  a n im a l  a v a i l a b i l i ty ,  

w a s  p e r f o r m e d  on 2 o c c a s io n s  only . T h e  r e s u l t s  an d  s tu d ie s  of 

b a c t e r i c i d a l  a c t iv i ty  show ed  a  day  to  d ay  v a r i a t i o n  of l e s s  th a n  10% 

f o r  e a c h  s t r a in .



TA BLE 4.

PH A G O C Y T IC  INDICES O F MOUSE P E R IT O N E A L  

M ACRO PH A G ES IN C A L F  SE R U M

Young
m a le

m ic e
fe m a le

O ld  m ic e  
m a le  f e m a le

N ZB 13. 2 14. 9 14. 3\ 1 2 .4

N Z B /N Z W  F I 14. 7 16. 1 - -

NZW 14. 0 14. 1 - -

CBA 15. 3 13. 2 14. 2 1 4 .7

C3Hf 1 2 .2 15. 1 - m

B A L B /c 13. 6 1 2 .7 •



BACTERICIDAL ACTIVITY OF PERITONEAL MACROPHAGES FROM YOUNG MALE MICE
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F ig .  17. A c o m p a r iso n  of the  b a c te r ic id a l  a c t iv i ty  of p e r i to n e a l

m a c ro p h a g e s .



BACTERICIDAL ACTIVITY OF PERITONEAL MACROPHAGES FROM YOUNG FEMALE MICE

10

1

60 mins50 mins

F ig .  18. A c o m p a r iso n  of the b a c te r ic id a l  a c t iv i ty  of p e r i to n e a l

m a c ro p h a g e s  f ro m  young fem ale  m ice .
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100 B A C T E R IC ID A L  A CTIV ITY  O F  P E R IT O N E A L  M ACRO PH A G ES FROM  OLD NZB and  CBA  M ICE

—#  NZB MALE OLD) 
-O  NZB FEMALE (OLD) 
- •  CBA MALE (OLD) 
-O CBA FEMALE (OLD)

40 mins 120 mins30 mins

F ig .  19. A c o m p a r iso n  of the b a c te r ic id a l  a c t iv i ty  of p e r i to n e a l

m a c ro p h a g e s  f ro m  old NZB and  old  CBA m ic e .
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BACTERICIDAL ACTIVITY OF PERITONEAL MACROPHAGES FROM OLD AND

100 YOUNG NZB MICE
A------- A YOUNG (MALE)
£ -------0  YOUNG (FEMALE)
A ■■■"  A OLD (MALE) 
O — O  OLD (FEMALE)

u■Ja

30 mins 120 mins60 mins

F ig .  20. A c o m p a r iso n  of the b a c te r ic id a l  ac t iv i ty  of p e r i to n e a l

m a c ro p h a g e s  f ro m  young and  old NZB m ic e .



RESULTS

(1) P h a g o c y t ic  in d ic e s .  T h e  m a c r o p h a g e  p h a g o cy t ic  in d ic e s  in the  

s ix  s t r a i n s  of m ic e  a r e  show n in  T a b le  4. T h e  m e a n  v a lu e s  r a n g e d  

b e tw ee n  12. 1 and  16. 1 f o r  young  m ic e  an d  b e tw e e n  12. 4 an d  14. 7 fo r

o ld  m ic e .  T h e re  w e r e  no s ig n if ic a n t  sex ,  a g e  o r  i n t e r s t r a i n  d i f f e r e n c e s .

(2) B a c te r i c id a l  a c t iv i ty  of m a c r o p h a g e s . T he  b a c t e r i c i d a l  a c t i v i t i e s  

o f  p e r i t o n e a l  m a c r o p h a g e s  o f young m a le  an d  f e m a le  m ic e  a r e  show n in  

F i g s .  17 a n d  18. T h e  m e a n  p e r c e n ta g e s  of v ia b le  o r g a n i s m s  a t

120 m in u te s  f o r  young m a le  m o u s e  m a c r o p h a g e s  r a n g e d  f r o m  1. 0% f o r

| N Z B  to 6. 4% fo r  CBA m ic e ,  an d  f o r  young f e m a le  m o u s e  m a c r o p h a g e s
|

b e tw e e n  0. 8 and  1. 4%, th e  m e a n  v a lu e  fo r  bo th  m a le  an d  f e m a le  N ZB 

I m i c e  b e ing  1. 1%. T he  m e a n  p e r c e n ta g e s  o f  v ia b le  o r g a n i s m s  in  o ld
i

i  N Z B  and  o ld  CBA m o u s e  m a c r o p h a g e s  a t  120 m in u te s  w e r e  0. 5% an d|
I 0. 15% re s p e c t iv e ly .  T h e  h ig h e s t  n u m b e r  of v ia b le  b a c t e r i a  w a s  found 

in  m a c r o p h a g e s  f r o m  o ld  N Z B  m a le  m ic e ,  th e  c o u n ts  in  o ld  N ZB f e m a le s
I

a n d  old  CBA m a le s  and  f e m a le s  be in g  c lo s e ly  g ro u p e d  (F ig .  19).
i

| C o m p a r i s o n  of the  b a c t e r i c i d a l  a c t i v i t i e s  of m a c r o p h a g e s  f r o m  young

| a n d  o ld  N ZB m ic e  is  shown in  F ig .  20. A t 120 m in u te s  t h e r e  w e r e  

| lerss v iab le  b a c te r i a  in  m a c r o p h a g e s  o f  o ld  m ic e  th a n  in  th o s e  f r o m  young

i  m i c e  on th e  two o c c a s io n s  th a t  the  e x p e r im e n t  w a s  p e r f o r m e d .  A s
I

o n ly  two e x p e r im e n t s  w e r e  p e r f o r m e d ,  due to m o u s e  a v a i l a b i l i ty ,  i t  w a s  

f e l t  th a t  s t a t i s t i c a l  a n a ly s i s  cou ld  no t r e a s o n a b ly  be  a p p l ie d  to  s u c h  a 

s m a l l  n u m b e r  of o b s e r v a t io n s .

(3)) E x a m in a t io n  of NZB s e r u m  f o r  f a c to r s  a f fe c t in g  p h a g o c y to s is .

In s i m i l a r  e x p e r im e n t s ,  h e a t - i n a c t iv a t e d  s t e r i l i s e d  s e r u m  f r o m



TA BLE 5.

E F F E C T  O F  SERUM  F R O M  OLD AND YOUNG N ZB M IC E ON 

PH A G O C Y T IC  INDICES O F  N ZB P E R IT O N E A L  M AC R O PH A G ES

P h a g o c y t ic  in d ex

M a c ro p h a g e s

C a lf  S e r u m
Young N Z B  

S e r u m
O ld NZB 

S e ru m

|
I

Young NZB 14. 9

i

13. 2 1 4 .7

| O ld  N ZB
i

1 2 .4 1 5 .9 •CM



VI
AB

LE
 

IN
TR

AC
EL

LU
LA

R 
BA

CT
ER

IA
 

(%
)

E F F E C T  O F  NZB SERUM ON THE BACTERICIDAL ACTIVITY O F YOUNG NZB PERITO N EA L

MACROPHAGES

-#  YOUNG NZB CELLS +  OLD NZB SERUM 
O  YOUNG NZB CELLS + YOUNG NZB SERUM

120 mins90 mins 60 mins
TIME

A c o m p a r i s o n  o f th e  e f fe c t  of s e r u m  f r o m  young a n d  

o ld  N ZB  m ic e  a n d  the  b a c t e r i c i d a l  a c t i v i ty  of p e r i t o n e a l  

m a c r o p h a g e s  f r o m  young N ZB  m ic e .

• 
<
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(1
)

E F F E C T  O F NZB SERUM ON THE BACTERICIDAL ACTIVITY O F OLD NZB PERITONEAL
MACROPHAGES

100
OLD NZB CELLS + OLD NZB SERUM

O  OLD NZB CELLS + YOUNG NZB SERUM
•A OLD NZB CELLS + CALF SERUM

60 mins30 mins

F ig .  22. A c o m p a r i s o n  of th e  e f fe c t  of s e r u m  f r o m  young a n d

old  N ZB m ic e  on th e  b a c t e r i c i d a l  a c t iv i ty  of p e r i t o n e a l  

m a c r o p h a g e s  f r o m  o ld  N ZB  m ic e .



BACTERICIDAL ACTIVITY OF PERITONEAL MACROPHAGES FROM YOUNG MICE

120 mins

T M I

F ig .  23. A c o m p a r i s o n  of th e  b a c t e r i c i d a l  a c t i v i ty  of p e r i t o n e a l

m a c r o p h a g e s  f r o m  young m ic e ,  in  th e  a b s e n c e  of s e r u m .
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F ig ,  24. A c o m p a r iso n  of the  b a c te r ic id a l  a c t iv i ty  of p e r i to n e a l

m a c ro p h a g e s  f ro m  old m ic e ,  in  the  a b se n c e  of s e ru m .
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10 , 000,000 B A C T E R IC ID A L  A C T IV IT Y  O F  U N ST IM U L A T E D  P E R IT O N E A L  M A C R O PH A G ES FRO M

Y O UNG M IC E (NO SERUM)

NZB x NZW FI

BALBC

1 , 000,000

100,000

120 mins60 mins30 mini
TIME

F ig .  25. A co m p a r iso n  of the  b a c te r ic id a l  a c t iv i ty  of u n s t im u la te d

p e r i to n e a l  m a c ro p h a g e s  f ro m  young m ic e ,  in  the a b se n c e

of s e ru m .



42.

young1 and  o ld  NZB m ic e  w as  ad d ed  to  th e  Hank*s so lu t io n  in  p la c e  of 

fo e ta l  c a lf  s e r u m .  T h e  p h a g o c y t ic  i n d ic e s  of m a c r o p h a g e s  in c u b a te d  

w ith  N Z B  s e r u m  a r e  shown in  T a b le  5, a n d  th e  b a c t e r i c i d a l  a c t iv i ty  of 

young an d  o ld  N ZB m a c r o p h a g e s  in  th e  p r e s e n c e  of N Z B  s e r u m  i s  shown 

in  F i g s .  21 and  22. I t  c an  b e  s e e n  th a t  n e i t h e r  young n o r  o ld  N ZB  

s e r u m  a f fe c te d  e i th e r  the  p h a g o c y t ic  i n d ic e s  o r  b a c t e r i c i d a l  in d ic e s  of 

N ZB m a c r o p h a g e s ,  w h e th e r  f r o m  young o r  o ld  m ic e .

(4) P h a g o c y to s i s  in  the  a b s e n c e  of s e r u m  ' In  th e  a b s e n c e  of s e r u m ,  

the  b a c t e r i a  in  the  c o n t ro l  tube  w e r e  p r e s e n t  in  g r e a t l y  r e d u c e d  n u m b e r s ,  

a lthough  a t  30 m in u te s  th e  n u m b e r s  of b a c t e r i a  in  s u p e r n a t a n t s  an d  

n u m b e r s  of v iab le  i n t r a c e l l u l a r  b a c t e r i a  w e r e  s i m i l a r  to  th o s e  in  the  

e x p e r im e n t s  which in c lu d e d  s e r u m  in  th e  c u l tu r e  m e d iu m . A s  f a r  

f e w e r  b a c t e r i a  w e r e  p r e s e n t  in  th e  c o n t ro l  tu b e  th an  in  th e  tu b e s  

c o n ta in ing  c e l l s ,  i t  i s  im p o s s i b l e  to c a lc u la te  th e  p h a g o c y t ic  i n d ic e s ,  

b u t  f r o m  the  i n t r a -  a n d  e x t r a c e l l u l a r  b a c t e r i a l  c o u n ts  a t  30 m in u te s  

i t  m a y  be  con c lu d ed  th a t  n e i t h e r  p h a g o c y to s i s  n o r  b a c t e r i c i d a l  a c t i v i ty  

w a s  a f fe c te d  by the  a b s e n c e  of s e r u m  f i g s .  23 a n d  24).

To  exc lu d e  the  p o s s ib i l i t y  th a t  s e r u m  f a c t o r s  in  th e  g ly c o g e n - 

s t im u la te d  e x u d a te s  m ig h t  h a v e  a c t i v a te d  m a c r o p h a g e s ,  an  e x p e r im e n t  

w as  p e r f o r m e d  on u n s t im u la te d  p e r i t o n e a l  m a c r o p h a g e s  o b ta in e d  

w ithou t u se  of g lycogen . A lth o u g h  th e  p h a g o c y t ic  in d ic e s  co u ld  n o t  

be  c a lc u la te d ,  the  b a c t e r i c i d a l  a c t i v i t i e s  w e r e  c l e a r l y  u n a l t e r e d  

(F ig . 25).



DISCUSSION

T he p e r i t o n e a l  m a c r o p h a g e s  f r o m  s ix  s t r a i n s  of m ic e  h a v e  b e en  

s tu d ie d  fo r  t h e i r  a b i l i ty  to p h a g o c y to s e  an d  to  k i l l  S ta p h y lo c o c cu s  a u r e u s . 

A  m a jo r  c r i t i c i s m  of th is  m e th o d  is  th a t  c e n t r i f u g a t io n  a n d  e x te n s iv e  

w a sh in g  of the  p e r i t o n e a l  c e l l s  do no t r e m o v e  b a c t e r i a  a d h e r e n t  to  the  

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

th e  m a c r o p h a g e  c e l l  m e m b r a n e  i s  a n  im p o r t a n t  i n i t i a l  s te p  in  the  p r o c e s s  

of p h a g o c y to s is  (166), the  p h a g o cy t ic  in d ic e s  a s  d e r iv e d  in  th e s e  

e x p e r im e n t s  a r e  m e a n in g fu l .  In d eed , in  o r d e r  to  d i f f e r e n t ia te  

b e tw ee n  the  p r o c e s s e s  of a t t a c h m e n t  a n d  e n g u lfm e n t ,  one w ou ld  h a v e  to  

p e r f o r m  the  e x p e r im e n t s  a t  low  t e m p e r a t u r e s ,  in  th e  p r e s e n c e  of 

m e ta b o l ic  in h ib i to r s  (166, 167). T he  in c o r p o r a t i o n  of a n t ib io t ic s  in to  

th e  c u l tu r e  m e d iu m  w il l  o b v io u s ly  k i l l  m e m b r a n e - a s s o c i a t e d  b a c t e r i a ,  

g iy ing  f a l s e ly  h ig h  b a c t e r i c i d a l  a c t i v i t i e s  b e tw e e n  30 a n d  60 m in u te s .

In  ad d i t io n ,  i f  p e n e t r a t i o n  of the  m a c r o p h a g e s  by a n t ib io t ic s  sh o u ld  o c c u r ,  

th e n  the  b a c t e r i c id a l  a c t i v i t i e s  w i l l  p r o b a b ly  h av e  l i t t l e  m e a n in g  a s  in d ic e s  

of m a c r o p h a g e  fu n c t io n .  H o w e v e r ,  u s in g  th e  s a m e  d o s e s  of p e n ic i l l in  

a n d  s t r e p to m y c in  a s  u s e d  in  th e s e  e x p e r im e n t s ,  H o lm e s  e t  a l . (165) 

show ed  th a t  p e n e t r a t i o n  o f  p o ly m o r p h o n u c le a r  le u c o c y te s  d o es  not o c c u r ,  

a n d  T h o rp e  an d  M a r c u s  (168) h av e  show n th a t  s t r e p to m y c in  d o es  no t 

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

Such  d a m ag e  can n o t  be d e te c te d  u s in g  a  l ig h t  m i c r o s c o p e ,  bu t  i t  is  

u n l ik e ly  th a t  the  e x p e r im e n t a l  p r o c e d u r e  d e s c r i b e d  w ou ld  h a v e  s u f f ic ie n t ly  

t r a u m a t i s e d  the  c e l l s  s tu d ie d ,  a l th o u g h  the  b a c t e r i a  th e m s e lv e s  m a y  h av e  

done so. No obv ious  d i f f e r e n c e  in  e i t h e r  p h a g o cy t ic  in d ic e s  o r  

b a c t e r i c i d a l  a c t i v i t i e s  of m a c r o p h a g e s  w as  found b e tw e e n  c o n t r o l  s t r a i n s



of m ic e  an d  NZB an d  BW F^ m ic e ,  a n d  th e r e  is  th u s  no e v id en c e  th a t  

a b n o r m a l i t i e s  of p h ag o cy tic  fu n c tio n  a r e  r e s p o n s ib l e  f o r  th e  im m u n o ­

lo g ic a l  a b n o r m a l i t i e s  w h ich  o c c u r  in  the  l a t t e r  m ic e .  T h a t  th e  

p r e s e n c e  o f a u to im m u n e  d i s e a s e  i t s e l f  d id  no t a f fe c t  the  p h a g o c y to s is  

o r  b a c t e r i c i d a l  a c t iv i ty  w a s  shown by the  s i m i l a r  r e s u l t s  o b ta in e d  

u s in g  m a c r o p h a g e s  f r o m  10 m o n th  old  C o o m b s '  p o s i t iv e  N ZB m ic e ,  o ld  

CBA. an d  young NZB m ic e .  L ik e w is e  s e r u m  f a c t o r s  of young an d  o ld  

N ZB m ic e  did not a f fe c t  m a c r o p h a g e  p h a g o c y tic  o r  b a c t e r i c i d a l  fu n c t io n s .

In p a t ie n ts  w ith  s y s te m ic  lupus  e r y th e m a t o s u s  d e fe c t iv e  p h a g o c y to s is  

of p o ly m o r p h o n u c le a r  l e u c o c y te s  h a s  b e e n  show n to o c c u r  (169). T h is  

a p p e a r s  to  be due to  an  i n t r i n s i c  d e fe c t  of th e  p o ly m o r p h o n u c le a r  

l e u c o c y te s  a s  in h ib i to ry  s e r u m  f a c t o r s  co u ld  n o t be  d e m o n s t r a t e d .

H o w ev e r ,  s tu d ie s  of m a c r o p h a g e  fu n c tio n  in  p a t i e n t s  w ith  s y s te m ic  lupus  

e r y th e m a t o s u s  have  no t b e en  r e p o r te d .

A lth o u g h  p h ag o cy tic  in d ic e s  cou ld  not be  d e t e r m in e d  in  th o s e  e x p e r im e n t s  

w h ic h  did  no t  c o n ta in  s e r u m  in  the  c u l tu r e  m e d iu m ,  th e  c o u n ts  o f  v ia b le  

b a c t e r i a  in  s u p e r n a ta n t s  an d  in  c e l l s  a t  30 m in u te s  in d ic a te  th a t  n e i th e r  

p h a g o c y to s is  n o r  b a c t e r i c i d a l  a c t iv i ty  of m a c r o p h a g e s  w a s  im p a i r e d  by 

a b s e n c e  of s e r u m .  T he  p o s s ib i l i t y  th a t  th i s  w a s  due to  a c t iv a t io n  of 

m a c r o p h a g e s  fo llowing g ly co g en  s t im u la t io n  in  v ivo  a p p e a r s  to  h a v e  b e en

I e x c lu d e d  by the  e x p e r im e n t  in  w h ich  g ly co g en  w a s  not u s e d  to  o b ta in
i

p e r i t o n e a l  m a c r o p h a g e s .  O th e r  p o s s i b i l i t i e s  in c lu d e  th e  p r e s e n c e  of 

s e r u m  f a c to r s  bound to m a c r o p h a g e  c e l l  m e m b r a n e s  w h ich  a r e  no t 

r e m o v e d  by  e x te n s iv e  w ash in g ;  o r  ly m p h o c y te  f a c to r s  r e l e a s e d  on 

e x p o s u r e  to  S ta p h y lo co ccu s  a u r e u s . S ta p h y lo c o c c a l  f i l t r a t e  h a s  b e en



show n to  s t im u la te  th e  r e l e a s e  of so lu b le  f a c t o r s  f r o m  ly m p h o c y te s  
♦

(170) an d  co n ce iv a b ly  th e s e  m a y  have  a c t i v a t e d  th e  m a c r o p h a g e s .  

S im i la r  r e s u l t s  have  b e e n  o b ta in e d  u s in g  p e r i p h e r a l  p o ly m o r p h o ­

n u c l e a r  le u c o c y te s  in  the  p r e s e n c e  of ly m p h o c y te s  (171). A n  

a t t e m p t  to  exc lude  th is  p o s s ib i l i t y  w a s  m a d e  by p r i o r  in c u b a t io n  of 

the  p e r i t o n e a l  ex u d a te  c e l l s  w ith  a n t i - ly m p h o c y te  s e r u m  (k ind ly  

su p p l ie d  by D r .  K. G. G ray )  w h ich  h a d  b e en  r e p e a t e d ly  a b s o r b e d  

by m o n o la y e r  c u l tu r e s  of m o u s e  m a c r o p h a g e s .  H o w ev e r  th e  a n t i ­

m a c r o p h a g e  a c t iv i ty  of th is  p r e p a r a t i o n  w as  no t c o m p le te ly  a b s o r b e d  

a n d  thus  no c o n c lu s io n  c o u ld  be  r e a c h e d .

A lth o u g h  th e  in  v i t r o  p h a g o c y to s is  an d  k i l l in g  of S ta p h y lo c o c cu s  

a u r e u s  by m o u s e  p e r i t o n e a l  m a c r o p h a g e s  h a s  b e e n  show n to  be 

q u a n t i ta t iv e ly  s i m i l a r  in  N Z B  an d  BW F^ m ic e ,  a n d  th e  o th e r  s t r a i n s  

in v e s t ig a te d ,  i t  i s  s t i l l  p o s s ib l e  th a t  p h a g o c y to s is  of sh e e p  

e r y t h r o c y t e s  a n d  so lub le  p r o t e in  a n t ig e n s ,  to  w h ic h  th e s e  m ic e  

p ro d u c e  e x a g g e r a te d  im m u n e  r e s p o n s e s ,  m a y  be  a b n o r m a l .

In  a d d i t io n ,  the  r a t e  a t  w h ic h  p h a g o c y to s e d  b a c t e r i a  i s  d ig e s te d  by 

m a c r o p h a g e s  is  no t a v a i l a b le  f r o m  th e s e  e x p e r i m e n t s .  C ohn  (172) 

h a s  show n th a t  th e  i n t r a c e l l u l a r  d ig e s t io n  of p h a g o c y to s e d  b a c t e r i a  

i s  r e l a t i v e ly  s low , a s  c o m p a r e d  w ith  th e  t im e  t a k e n  to  k i l l  th e m .  

T h u s  s tu d ie s  s p e c i f ic a l ly  d e s ig n e d  to  s tu d y  a n t ig e n  d ig e s t io n  

w o u ld  n e e d  to  be p e r f o r m e d  to  a n s w e r  th is  p o in t .



C H A PTER  5.

A N TIG EN  C A TA B O LISM  IN 
N EW  ZEA LA N D  M IC E



INTRODUCTION

A s the  p h a g o c y to s is  of bo th  c a r b o n  a n d  S ta p h y lo c o c c u s  a u r e u s  

w as  shown to  be n o r m a l  in  N ew  Z e a la n d  m i c e ,  i t  w as  d e c id e d  to  

s tu d y  the  c a ta b o l i s m  (n o n - im m u n e  e l im in a t io n )  of so lu b le  a n t ig e n s .  

T he  a n t ig e n s  s e le c te d  fo r  s tu d y  w e r e  bov ine  g a m m a  g lobu lin , (BGG), 

bov ine  s e r u m  a lb u m in ,  (BSA), a n d  p o ly v in y lp y ro l id o n e  (P V P ) .

New Z e a la n d  m ic e  h av e  p r e v io u s ly  b e e n  show n to  h av e  h e ig h te n e d  

im m u n e  r e s p o n s e s  to BGG an d  BSA (107, 108, 109, 110), a n d  th u s  

th e  s tudy  of t h e i r  n o n - im m u n e  e l im in a t io n  r a t e s  m ig h t  p ro v id e  

r e l e v a n t  in f o r m a t io n  c o n c e rn in g  th is  a s p e c t  o f  t h e i r  d i s e a s e .



M A TERIA LS AND M ETHODS ...................................................................

M ice

F iv e  in b r e d  s t r a i n s  of m ic e  w e r e  u s e d  - N Z B , NZW , B A L B /c ,  

CBA an d  C3Hf, and  a l s o  th e  BW F^ h y b r id ,  in  s o m e  s tu d ie s  N Z B  x 

B A L B /c  F I  h y b r id s  w e r e  in c lu d e d .  A l l  m ic e  w e r e  a g e d  6 - 8  w e ek s  

a t  the  o n se t  of the  s tu d ie s ,  a n d  w e r e  h o u s e d  u n d e r  s t a n d a r d  c o n d i t io n s  

a n d  fed  s t a n d a r d  m o u s e  d ie t .  F lu id  w as  s u p p l ie d  a s  h a l f - s t r e n g t h  

p h y s io lo g ic a l  s a l in e  c o n ta in in g  0 .0 1  p e r  c e n t  p o t a s s iu m  io d id e ,  

beg inn ing  two days b e fo re  th e  a d m in i s t r a t i o n  of a n t ig e n  ( s e e  below) 

a n d  con tinu ing  th ro u g h o u t  th e  d u r a t io n  of th e  e x p e r im e n t .

131S a tu ra t io n  of the  m ic e  w ith  iod ide  e n s u r e s  th e  r a p id  e x c r e t io n  of I 

r e l e a s e d  d u r in g  a n t ig e n  c a ta b o l i s m .

i

A n tig e n s  U sed

H ighly  p u r i f ie d  bov ine  g a m m a  g lobu lin , BGG (C ohn  F r a c t i o n  11;

K o c h -L ig h t  L a b o r a to r i e s )  a n d  bov ine  s e r u m  a lb u m in ,  BSA ( A r m o u r

131P h a r m a c e u t i c a l s  L td . )  w e r e  l a b e l l e d  w ith  I t r a c e r  (X «B.S . 3;

R a d io c h e m ic a l  C e n t r e ,  A m e r s h a m )  by the  c h l o r a m i n e - T  m e th o d  of

H u n te r  an d  G reen w o o d  (173). P r o t e i n  a g g r e g a t e s  w e r e  r e m o v e d

f r o m  the  a n t ig e n  so lu t io n s  by c e n t r i fu g a t io n  a t  3 0 ,0 0 0  gv f o r  

o'
30 m in u te s  a t  4 C, a n d  d i s c a r d in g  th e  lo w e r  o n e - t h i r d  of th e  s u p e r ­

n a ta n t .  P r o t e i n  c o n c e n t r a t io n s  of th e  s u p e r n a ta n t s  w e r e  th e n  

a s c e r t a i n e d  u s in g  a U n ic am  SP  500 U l t r a v io le t  s p e c t r o p h o to m e te r  

a t  £80 m p . th e  f in a l  p r o t e in  c o n c e n t r a t io n s  th e n  b e in g  a d ju s t e d  to 

2 m g . p e r  m l , .  A g g r e g a te s  a r e  r e m o v e d  a s  th e y  a r e  p h a g o c y to s e d  

m u c h  m o r e  r a p id ly  th a n  th e  so lu b le  p r o te in  w h ic h  i s  c a ta b o l i s e d  

r e l a t iv e ly  s low ly . T he  l a b e l l e d  a n t ig e n s  h a d  s p e c if ic  a c t i v i t i e s  of



48.

a p p r o x im a te ly  7 j iCi p e r  m g .

1 31
T he t h i r d  a n t ig e n  u s e d  p o ly v in y lp y r ro l id o n e ,  P V P  ( I)

(I. B. 33P , A m e r s h a m ) ,  w h ic h  h a s  a n  a v e r a g e  m o le c u l a r  w e ig h t  of 

3 0 ,0 0 0 -4 0 ,0 0 0  a n d  a  s p e c i f ic  a c t i v i ty  of 10 -50  pC i p e r  m g . T he  

c o n c e n t r a t io n  w as  a d ju s t e d  w ith  p h o s p h a te  b u f f e r e d  s a l in e  to  2 m g . 

p e r  m l .

M ice  w e r e  in je c te d  i n t r a p e r i t o n e a l l y  on D ay 0 w ith  1 .0  m g . of 

a n t ig e n .

C oun ting  p r o c e d u r e

T he  w hole  body r a d io a c t iv i ty  of e a c h  a n im a l  w as  d e t e r m in e d  

a t  i n t e r v a l s  fo llow ing  in je c t io n  by p la c in g  th e  m o u s e  in  a  c e n t r e d  

p la s t ic  w e l l  s c in t i l l a t io n  c o u n te r  (N u c le a r  E n t e r p r i s e s ) .  In  a d d i t io n  

m ic e  w e r e  b led  a t  i n t e r v a l s  f r o m  th e  r e t r o - o r b i t a l  v en o u s  p le x u s  

in to  20 p i .  c a p i l l a r y  tu b e s  (D ru m m o n d  M ic r o c a p s ,  Shandon  L t d . ) ;  

e a c h  s p e c im e n  w a s  ly s e d  in  1 . 0 m l  of 0 . 1 p e r  c e n t  so d iu m  c a r b o n a te  

so lu t io n  in  g la s s  coun ting  tu b e s ,  a n d  r a d io a c t iv i ty  co u n ted  in  a n  

a u to m a t ic  g a m m a - c o u n t e r  ( N u c le a r  C h ic ag o ) .  C o u n ts  w e r e  

c o r r e c t e d  fo r  i so to p e  d e c a y ,  a n d  th e  h a l f - l i f e  (T^) of a n t ig e n  

e l im in a t io n  w as  c a lc u la te d  p r e l i m i n a r i l y  by  p lo t t in g  th e  c o r r e c t e d  

c o u n ts  s e m i - l o g a r i t h m i c a l l y  a g a in s t  t im e ,  a n d  th e n  f o r  the  p u r p o s e s  

of s t a t i s t i c a l  a n a ly s i s ,  by c o m p u tin g  th e m  b y  th e  l e a s t  s q u a r e s  m e th o d .

C o u n ting  S ch ed u les

W ith  BGG only  th e  w ho le  body d i s a p p e a r a n c e  w a s  s tu d ie d ,  a n im a l s  

b e in g  c o u n ted  on a l t e r n a t e  d ay s  b eg in n in g  48 h o u r s  fo llow ing  in je c t io n .  

R e m o v a l  of r e s id u a l  BGG a g g r e g a t e s  i s  r a p id ,  a n d  by  48 h o u r s  th e  

m o n o -e x p o n e n t ia l  c l e a r a n c e  of the  so lu b le  p r o t e i n  i s  o b s e r v e d  (177).



A n im a ls  r e c e iv in g  BSA w e r e  co u n ted  and  a l s o  b led  a t  the

fo llow ing  t i m e s  a f t e r  in je c t io n  of a n t ig e n :  18, 29, 42, 52 and  66  h o u r s

The coun ts  w e re  not p e r f o r m e d  u n ti l  18 h o u r s ,  a s  a f t e r  th is  t im e

e l im in a t io n  of BSA o l ig o p o ly m e rs  i s  c o m p le te  and  the  e l im in a t io n

c u r v e  t h e r e a f t e r  is  m o n o -e x p o n e n t ia l ,  r e p r e s e n t i n g  c l e a r a n c e  of

m o n o m e r  a lo n e  (174).

A n im a ls  r e c e iv in g  P V P  w e r e  co u n ted  and  b led  a t  10, 24, 32

an d  48 h o u r s .  A s a  m a r k e d  d iv e rg e n c e  b e tw e e n  w hole  body  and  
%

b lood  e l im in a t io n  r a t e s  b e c a m e  a p p a r e n t  d u r in g  the  c o u r s e  of th is  

e x p e r im e n t ,  a  f u r th e r  w hole  body co u n ts  w e re  p e r f o r m e d  a t  145 and 

290 h o u r s ,  and  the m ic e  w e r e  a l s o  b led  a t  73, 120, and  290 h o u r s .  

M ice  r e c e iv in g  P V P  w e re  e x sa n g u in a te d  a f t e r  4 w e e k s ,  k i l le d  by 

c e r v i c a l  d is lo c a t io n ,  and  the  r a d i o - a c t iv i ty  p r e s e n t  in  t h e i r  l i v e r s ,  

s p le e n s ,  k id n e y s  and  th y m u s e s  w as  d e te r m in e d .

S t a t i s t i c a l  a n a ly s i s

I n t e r - s t r a i n  d i f f e r e n c e s  and  i n t r a - s t r a i n  s e x  d i f f e r e n c e s  in  

a n t ig e n  c a ta b o l i s m  r a t e s  ( T j  v a lu e s ) ,  and  f o r  the  P V P  e x p e r im e n t  

i n t e r - s t r a i n  v a r i a t io n  in  o r g a n  c o n ten t  of a n t ig e n ,  w e r e  c o m p a r e d  

u s in g  the  S tu d e n t 's  " t M t e s t .
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RESULTS

BGG: (T a b le  6 ). S ig n i f ic a n t ly  s h o r t e r  T j  v a lu e s  w e r e

found f o r  N Z B  (50. 1 h o u r s )  an d  B W F^ (59. 5 h o u r s )  s in c e  c o m p a r e d  

to  the  o th e r  s t r a i n s .  N ZW  m ic e  h ad  the  lo n g e s t  T j  v a lu e  (9 9 .9  hou 

and  of the  t h r e e  " c o n t r o l "  s t r a i n s  B A L B /c  th e  s h o r t e s t  h a l f - l i f e ,  a t  

69. 0 h o u r s .  A s ig n i f ic a n t  s e x  d i f f e r e n c e  w a s  p r e s e n t  o n ly  in  CBA 

m ic e ,  m a l e s  h av in g  lo n g e r  h a l f - l i v e s .

BSA:

(a) W hole body  (T ab le  7). T he  s h o r t e s t  T 7  w as  found in  N ZW  

m ic e  (14. 3 h o u r s ) ,  w h ich  d i f f e r e d  s ig n i f ic a n t ly  f r o m  a l l  b u t  

N Z B  m ic e  w h o se  m e a n  T-f- w as  the  se c o n d  s h o r t e s t .  The 

s lo w e s t  r a t e s  of a n t ig e n  e l im in a t io n  o c c u r r e d  in  B W F^ m ic e  

(20. 8 h o u r s ) .  S ig n i f ic a n t  s e x  d i f f e r e n c e s  w e r e  p r e s e n t  in  

N Z B  and  C 3H f m ic e ,  in  b o th  in s t a n c e s  the  m a le s  hav in g  

s h o r t e r  h a l f - l i v e s  th a n  the  f e m a le s .

(b) B lood . (T ab le  8 ). N ZW  (13. 4 h o u r s )  N ZB  (13. 9 h o u r s )  

an d  C 3H f (14. 2 h o u r s )  m ic e  h ad  the  s h o r t e s t  T ^  v a lu e s ,  and  

a g a in  th e  lo n g e s t  T ^  o c c u r r e d  in  B W F ^ m ic e  (2 1 .0  h o u r s ) .  

S ig n i f ic a n t  s e x  d i f f e r e n c e s  w e r e  a g a in  e v id e n t  in  N Z B  and  

C 3H f m ic e ,  and  a l s o  in  B A L B /c  m ic e ,  though  in  th i s  l a t t e r  

s t r a i n  the  f e m a le s  h a d  f a s t e r  r a t e s  of e l im in a t io n .

A c o m p a r i s o n  of w hole  body  and  b lood  BSA e l im in a t io n  r a t e s  

(T ab le  9) show ed  th a t  no s t a t i s t i c a l l y  s ig n i f ic a n t  d i f f e r e n c e ,  e x c e p t  

f o r  N ZW  ( p (  0. 025) and  C 3H f (p ( 0 . 0005) m ic e ,  in  w h ich  the  w hole  

body  T ^  w a s  s ig n i f ic a n t ly  l o n g e r  th a n  th e  b lood  T j .
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P V P :  T h e  P V P  u s e d  in  th is  s tu d y  i s  a m ix tu r e  of p o ly m e r s

d i f f e r e n t  m o l e c u l a r  w e ig h ts ,  and  a l th o u g h  the  a v e r a g e  m o l e c u l a r  

w e ig h t  i s  3 0 /0 0 0 -4 0 ,  000, t h e r e  i s  a r a n g e  f r o m  l e s s  th an  10, 000 to 

o v e r  80, 000 (175). B y the  t im e  c o u n ts  w e r e  p e r f o r m e d  10 h o u r s  

a f t e r  in je c t io n ,  40 -50%  of th e  P V P  h ad  a l r e a d y  b e e n  e l im in a te d  in  

a l l  m ic e ;  th is  i s  due  to the  r a p id  r e n a l  c l e a r a n c e  of low  m o l e c u l a r  

w e ig h t  P V P ,  (176).

(a) W hole body  (T ab le  10). The w ho le  body  h a l f - l i f e  of P V P  

w a s  v e r y  lo n g  in  a l l  s t r a i n s  of m i c e ,  th e  lo n g e s t  b e in g  found 

in  N Z B  x  B A L B /c  F I  (39. 1 d a y s )  B W F j  (36. 5 d a y s )  and  N ZB  

m ic e  (36. 1 d a y s ) .  B A L B /c  m ic e  h a d  the  s h o r t e s t  (21. 8 

d a y s )  w h ich  w as  n o t s ig n i f ic a n t ly  d i f f e r e n t  f r o m  th a t  found in  

N Z W  m ic e  (23. 1 d a y s ) .  A s ig n i f ic a n t  s e x  d i f f e r e n c e  w as  

o n ly  p r e s e n t  in  th e  B A L B /c  s t r a i n ,  m a le  m ic e  h a v in g  a  

s h o r t e r  T j  (17. 6 d a y s )  th a n  f e m a le s  (26. 1 d a y s ) .

(b) B lood  (T ab le  11). In c o n t r a s t  to th e  e x t r e m e l y  long  w hole  

body  h a l f - l i v e s  f o r  P V P ,  the  m e a n  b lo o d  e l im in a t io n  T|- v a lu e s  

r a n g e d  f r o m  28. 3 h o u r s  f o r  B W F^ m ic e  to  36. 7 h o u r s  f o r  

C BA  m ic e .  B W F ^ an d  N Z B  (T ^  = 29. 3 h o u r s )  m ic e  h ad  

s ig n i f ic a n t ly  s h o r t e r  e l im in a t io n  r a t e s  th a n  a l l  o th e r  s t r a i n s  

e x c e p t  N ZW  m ic e ,  w h ich  o c cu p y  a n  i n t e r m e d ia t e  p la c e .

(c) O rg a n  d i s t r i b u t io n  of P V P . T h e  o b v ious  r e t e n t io n  of th is  

a n t ig e n  in  the  a n im a l  le d  u s  to  e v a lu a te  i t s  d i s t r ib u t io n .

T a b le s  12, 13, 14 an d  15 show  the  p e r c e n t a g e  of a d m i n i s t e r e d  

P V P  d o s e  r e m a in in g  in  l i v e r s ,  s p le e n s ,  th y m u s e s ,  and  

k id n e y s  a t  14 d a y s .  It c an  be s e e n  th a t  b e tw e e n  one q u a r t e r



52.

an d  o n e - th i r d  of the  a d m i n i s t e r e d  d o se  is  found in  the  l i v e r  

an d  s p le e n .  T h o se  s t r a i n s  h av in g  the  f a s t e s t  b lood  

c l e a r a n c e  h av e  the  l e a s t  r e m a in in g  P V P  in  the  o rg a n s  

co u n ted  v iz .  B W F ^, N Z B , and  N ZW . The w hole  body  

h a l f - l i v e s  fo r  P V P  do n o t show  th is  c o r r e l a t i o n ;  p r o b a b ly  

r e f l e c t in g  the  r e l a t iv e  i n a c c u r a c y  of w hole  body h a l f - l i v e s ,  

w h ich  w e r e  b a s e d  on co u n ts  o b ta in e d  o v e r  the  f i r s t  h a l f  to 

o n e - t h i r d  of the  b io lo g ic a l  h a l f - l i f e  found fo r  P V P .
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In t h e s e  e x p e r im e n t s  I h av e  in v e s t ig a te d  th e  r a t e s  of 

e l im in a t io n  of t h r e e  so lu b le  a n t ig e n s  BGG, BSA an d  P V P  in  s e v e n  

s t r a i n s  of m ic e .  M a r k e d  i n t e r - s t r a i n  v a r i a t i o n s  w e r e  found  in  

the  r a t e s  a t  w h ich  e a c h  a n t ig e n  w a s  e l im in a te d .  T he  r e l a t i v e  

r a t e s  a t  w h ich  t h e s e  d i f f e r e n t  a n t ig e n s  w e r e  c a ta b o l i s e d  a l s o  v a r i e d  

c o n s id e r a b ly  w ith in  e a c h  s t r a i n  of m o u s e ,  a l th o u g h  in  g e n e r a l  New 

Z e a la n d  m ic e  c a ta b o l i s e d  a l l  a n t ig e n s  m o r e  r a p id ly  th a n  o th e r  s t r a i n s .  

E x c e p t io n s  w e r e  the  s low  r a t e  of BGG c a t a b o l i s m  in  NZW m ic e ,  an d  

of BSA c a t a b o l i s m  in  BW F^ m ic e .  It is  p e r h a p s  of i n t e r e s t  to  no te  

th a t  w ith  th e  e x c e p t io n  of BSA c a ta b o l i s m  in  BW F^ m ic e ,  th e  T j  

v a lu e s  f o r  the  F I  h y b r id  m ic e  s tu d ie d  is  i n t e r m e d i a t e  b e tw e e n  the  

v a lu e s  found  f o r  the  p a r e n t  s t r a i n s .  T h is  p ro b a b ly  in d ic a te s  a  

d e g re e  of g e n e t ic  c o n t r o l  o v e r  a n t ig e n  c a ta b o l i s m ,  th e  e x te n t  of w h ich  

co u ld  be e a s i l y  e v a lu a te d  by a l s o  s tu d y in g  th e  F 2  g e n e r a t io n ,  a n d  the  

b a c k  c r o s s  of th e  F I  g e n e r a t io n  w ith  p a r e n t  s t r a i n s .  If a n t ig e n  

c a ta b o l i s m  is  g e n e t i c a l ly  c o n t ro l le d ,  i t  i s  d if f ic u l t  to  e x p la in  w hy th e  

B W F j h y b r id  c a ta b o l i s e d  BSA m o r e  s lo w ly  th a n  e i t h e r  p a r e n t  s t r a in .

On the  o th e r  h a n d , the  n e p h r i t i s  th e y  d e v e lo p  i s  f a r  m o r e  f l o r id  an d  

a p p e a r s  e a r l i e r  th a n  in  e i t h e r  p a r e n t  s t r a i n  (78, 80, 87) a n d  the  

r e s p o n s e  of BW F^ m ic e  to  im m u n is a t io n  w i th  h e a t - d e n a t u r e d  DNA- 

m e th y la te d  BSA c o m p le x  a l s o  e x c e e d s  th a t  of e i t h e r  p a r e n t  s t r a i n  (10 3). 

T h e s e  o b s e r v a t io n s  show  th a t  the  p h en o ty p e  of th e  F I  p ro g e n y  

canno t a lw a y s  be p r e d i c t e d  f r o m  know led g e  of th e  p a r e n t s '  g e n o ty p es .



D r e s s e r  (177) show ed  th a t  the  c a t a b o l i s m  of BGG could  be 

s tu d ie d  e f fe c t iv e ly  by  w hole  body cou n tin g , a s  he found no 

s ig n if ic a n t  d i f f e r e n c e  b e tw e e n  w hole  body  and  b lood  a n t ig e n  

e l im in a t io n  r a t e s .  S i m i l a r ly  i t  h a s  b e e n  s a id  th a t  BSA 

c a ta b o l i s m  c a n  be s tu d ie d  by e i t h e r  m e th o d  (177a). H o w e v e r ,  

in  th is  s tudy  I found th a t  in  C 3H f and  to  a  l e s s e r  e x te n t  NZW  

m ic e  the  w hole  body  a n t ig e n  c a ta b o l i s m  r a t e s  w e re  s ig n i f ic a n t ly  

s lo w e r  th an  th o s e  of the  b lood; th is  s u g g e s t s  th a t  th e s e  two 

s t r a i n s  of m ic e  a r e  u nab le  to d ig e s t  BSA a s  r a p id ly  a s  i t  c an  be 

p h a g o c y to se d .  Indeed  the  o b s e r v a t io n s  on P V P  c a ta b o l i s m  a r e  

im p o r ta n t  a s  th e y  i l l u s t r a t e  the  e x t r e m e  e x a m p le  of a n  " in d ig e s t i b l e 11 

a n t ig e n  w hich  i s  e f f ic ie n t ly  p h a g o c y to s e d  b u t p o o r ly  b ro k e n  down 

in t r a c e l l u l a r l y .  It m u s t  t h e r e f o r e  be co n c lu d e d  th a t  w hen  

a n t ig e n  c a ta b o l i s m  i s  to  be  s tu d ie d  in  l a b o r a t o r y  a n im a l s ,  b lood  

a s  w e ll  a s  w hole  body  h a l f - l i v e s  shou ld  be d e t e r m in e d  in i t i a l ly  in  

the  s t r a i n s  of a n im a l s  to  be s tu d ie d .

The r e la t io n s h ip  b e tw e e n  a n t ig e n  c a ta b o l i s m  an d  im m u n o g e n ic i ty  

i s  c o m p le x .  It h a s  b e e n  s u g g e s te d  th a t  v e r y  r a p id  a n t ig e n  

c a ta b o l i s m  m a y  p r e d i s p o s e  to , o r  be r e l a t e d  to ,  a s u b se q u e n t  

im m u n e  r e s p o n s e  (178); c o n v e r s e ly ,  s low  r a t e s  of BSA e l im in a t io n  

h av e  b e en  found in  u n r e s p o n s iv e  m ic e  of the  S obey  s t r a i n  (179). 

A c c o rd in g ly ,  m y  f ind ing  of. r a p id  r a t e s  of a n t ig e n  c a ta b o l i s m  in  

N ew  Z e a la n d  m ic e  m a y  be a n  im p o r t a n t  f a c to r  in  s o m e  of the  

im m u n o lo g ic a l  p e c u l i a r i t i e s  of th e s e  m ic e ,  e . g .  im m u n o lo g ic a l  

h y p e r r e s p o n s i v e n e s s ,  and  r e s i s t a n c e  to the  in d u c t io n  of t o l e r a n c e .



B A L B /c  m ic e  have  b een  show n to be r e l a t i v e l y  r e s i s t a n t  to the  

in d u c tio n  of im m u n o lo g ic a l  to l e r a n c e  to BGG (107, 107a, 108,

180), and of the  " c o n t r o l"  m ic e  s tu d ie d  h ad  the  f a s t e s t  r a t e  of 

BGG c a ta b o l i s m ,  a l th o u g h  th e y  d id  n o t  d i f f e r  s ig n i f ic a n t ly  f r o m  

C 3H f m ic e .

V a r io u s  f a c to r s  h a v e  b e en  show n to m o d ify  a n t ig e n  c a ta b o l i s m ,  

in c lu d in g  the  a d m in i s t r a t i o n  of su ch  s t im u la to r y  f a c to r s  a s  F r e u n d ’s 

ad ju v an t  (177, 178) C o r y n e b a c t e r iu m  r u b r u m ,  M y c o b a c te r iu m  

p h le i  and the  p e p t id o g ly c o l ip id  Wax D f r a c t i o n  WL 52 of M y co b ac te  r iu m  

tu b e r c u lo s i s  (181); c o n c e iv a b ly  an  en d o g en o u s  n u c le ic  a c id  a d ju v an t  

p r e s e n t  in  N Z B  m ic e  cou ld  be r e s p o n s ib le  f o r  th e  r a p id  a n t ig e n  

c a ta b o l i s m .  Such a d ju v a n t  a c t iv i ty  h a s  b e e n  s u g g e s te d  a s  b e in g  

r e s p o n s ib le  f o r  th e i r  e x a g g e r a te d  im m u n e  r e s p o n s iv e n e s s  (181a). 

P h a r m a c o lo g ic a l  d o s e s  of th y ro x in e  h a v e  a l s o  b e e n  show n to  i n c r e a s e  

BGG c a ta b o l i s m  (181) an d  th is  l a t t e r  o b s e r v a t io n  m a y  e x p la in  

s t r a i n  d i f f e r e n c e s  in  a n t ig e n  c a ta b o l i s m ,  a s  th y ro x in e  s e c r e t i o n  

r a t e s  in  m ic e  h av e  p r e v io u s ly  b e e n  found to  show  c o n s id e r a b le  

i n t e r  s t r a i n  v a r i a t io n  (1 8 2 -184) . So f a r  h o w e v e r ,  no su ch  s tu d ie s  

h av e  b e en  r e p o r te d .  T he i n t e r s t r a i n  d i f f e r e n c e s  in  a n t ig e n  

c a ta b o l i s m  cou ld  a lso  r e f l e c t  fu n d a m e n ta l  v a r i a t i o n s  in  the  

a b i l i ty  of m a c r o p h a g e s  to  p h a g o c y to s e  and  p r o c e s s  a n t ig e n s .

If  th is  i s  so , th en  the  d i f f e r e n c e s  b e tw e e n  th e  c a ta b o l ic  r a t e s  f o r  

th e  th r e e  a n t ig e n s  s tu d ied  w ith in  e a c h  m o u s e  s t r a i n  s u g g e s t s  th a t  

p r o p e r t i e s  of bo th  a n t ig e n s  and m a c r o p h a g e s  m a y  a f fe c t  the  r a t e  of 

a n t ig e n  e l im in a t io n .  A lthough  s t r a i n  d i f f e r e n c e s  in  the  e l im in a t io n



of low m o le c u la r  w e ig h t  so lu b le  a n t ig e n s  do o c c u r ,  the  p h a g o c y to s i s  

of DNA, a  h igh  m o l e c u la r  w e ig h t  so lu b le  a n t ig e n  ( c h a p te r  8 ), 

c o l lo id a l  c a r b o n  (163, c h a p te r  3) a n d  S ta p h y lo c o c c u s  a u r e u s  

( c h a p te r  4) w e r e  no t found to show  i n t e r s t r a i n  v a r i a t i o n s .  H o w e v e r ,  

a s  c o l lo id a l  c a r b o n  i s  i n e r t ,  a n d  e x a g g e r a te d  im m u n e  r e s p o n s e s  

to  n a t iv e  DNA an d  S ta p h y lo c o c cu s  a u r e u s  h a v e  no t b e en  show n to  

o c c u r  in  N ew  Z e a la n d  m ic e ,  t h e s e  f in d in g s  do no t ex c lu d e  the  

p o s s ib i l i ty  th a t  h y p e rp h a g o c y to s i s  m a y  be r e s p o n s ib l e  f o r  so m e  of 

the  m a n y  im m u n o lo g ic a l  p e c u l i a r i t i e s  p r e s e n t  in  t h e s e  m ic e .



C H A PTE R  6.

A N T IG E N  C A TA BOLISM  IN NEW ZE A L A N D  M ICE: 

ITS R E L A T IO N SH IP  TO A NTIBODY R E SP O N SE S



IN TRODUCTION

In c h a p te r  5 i t  w a s  shown th a t  N ew  Z e a la n d  m ic e  g e n e r a l ly  

c a ta b o l i s e d  so lu b le  a n t ig e n s  f a s t e r  th a n  o th e r  s t r a i n s  of m ic e .

I t  h a s  p r e v io u s ly  b e en  s u g g e s te d  th a t  m o r e  r a p id  r a t e s  of an tig e n  

c a ta b o l i s m  (n o n - im m u n e  e l im in a t io n )  m a y  c o n t r ib u te  to  

im m u n o g e n ic i ty  (178). A s  N ew  Z e a la n d  m ic e  p ro d u c e  h e ig h te n e d  

c i r c u la t in g  an tib o d y  r e s p o n s e s  (107-110) i t  i s  r e l e v a n t  to e x a m in e  

the  r e la t io n s h ip  b e tw ee n  a n t ig e n  c a ta b o l i s m  an d  a n t ib o d y  r e s p o n s e s  

in  th e s e ,  and  o th e r  s t r a i n s  of m ic e .  In  a d d i t io n ,  the  a f f in i ty  of 

BSA an tib o d y  in  th e s e  m ic e  h a s  b e en  m e a s u r e d .



58.

M ATERIA LS AND M ETHODS

The m ic e  s tu d ie d  w e r e  th o s e  d e s c r i b e d  in  c h a p te r  5. A ll  had

h ad  an t ig e n  c a ta b o l i s m  r a t e s  d e t e r m in e d  f o r  BGG, BSA o r  P V P .

A ll  the  m ic e  in  w h ich  a p a r t i c u l a r  a n t ib o d y  r e s p o n s e  w as  b e in g  s tu d ie d

131re c e iv e d  the in i t i a l  I - l a b e l l e d  a n t ig e n  f r o m  the  s a m e  b a tc h .

BGG an tib o d y  r e s p o n s e s

M ice  w e r e  b le d  f r o m  the  r e t r o - o r b i t a l  v en o u s  s in u s  (185)

1312 w eek s  fo llow ing  the  a d m in i s t r a t i o n  of I-B G G , c h a l le n g e d  w ith

*100 ug. of BGG in  F r e u n d fs c o m p le te  a d ju v a n t  (FCA ) a t  3 w e e k s ,

and  b led  a g a in  a t  1, 2 and  4 w e ek s  p o s t - c h a l l e n g e .  S e ra  w e r e

o
s e p a r a t e d  and  s to r e d  a t  -20 C u n ti l  i n v e s t ig a te d .  A n tib o d ie s  to 

BGG w e re  d e te c te d  by  p a s s iv e  h a e m a g g lu t in a t io n  (the a g g lu t in a t io n  

o f  sh eep  e r y t h r o c y te s  c o a te d  w ith  BGG).

P r e p a r a t i o n  of BGG c o a te d  sh ee p  r e d  c e l l s

Sheep  e r y t h r o c y t e s  in  A l s e v e r fs so lu t io n  w e r e  o b ta in e d  

f r o m  B u r r o u g h s - W e l lc o m e  (B e c k e n h a m , K en t)  and  s to r e d  a t  

4 °C  u n til  u s e d .  In p r e p a r a t i o n  f o r  f o r m a l i n i s a t io n  th e y  w e r e  

w a sh e d  in p h y s io lo g ic a l  s a l in e  u n ti l  no f u r t h e r  l y s i s  o c c u r r e d .

The c e l l s  w e re  th e n  f o r m a l i n i s e d  by  H e r b e r t ’s m o d if ic a t io n  (186) 

o f  C s i z m a s '  m e th o d  (187). T w e n ty - f iv e  m i l l i l i t r e s  of p a c k e d  

c e l l s  w e re  r e s u s p e n d e d  in  2 0 0  m l .  of p h o s p h a te  b u f f e re d  

s a l in e  (PBS 5%; 0. 15M, pH 7 .2 ) ,  an d  p la c e d  in  a  500 m l .

c o n ic a l  f la sk .  F i f ty  m i l l i l i t r e s  of c o m m e r c i a l  f o r m a l in  

(40% fo rm a ld e h y d e )  w e r e  in t r o d u c e d  in to  a  le n g th  of d ia ly s i s  

tub ing  w hich  w as  t ie d  off in  such  a fa s h io n  th a t  a i r  w as  c o m p le te ly



e x c lu d e d  f ro m  th e  tu b e ,  w h ich  w as  only  tw o - th i r d s  fu l l .

The d ia ly s i s  tu b in g  w a s  s u b m e r g e d  in  th e  s h e e p  r e d  c e l l  

s u s p e n s io n ,  an d  g en tly  s t i r r e d  a t  r o o m  t e m p e r a t u r e .

A f te r  3 h o u rs  th e  n o w -s w o l le n  d ia ly s i s  s a c  w a s  p u n c tu re d ,  

an d  th e  p r o c e s s  of f o r m a l i n i s a t io n  c o n t in u e d  o v e rn ig h t .

The d a r k  b ro w n  s u s p e n s io n  w a s  th e n  f i l t e r e d  th ro u g h  g au ze  

to  r e m o v e  d e b r i s ,  an d  the  c e l l s  w a sh e d  5 t im e s  in  p h y s io ­

lo g ic a l  s a l in e  to  r e m o v e  th e  f o r m a l i n .  T he  c e l l s  w e r e  m a d e

up to  a  25% s u s p e n s io n  in  p h y s io lo g ic a l  s a l in e  a n d  s to r e d  a t  

o4 C u n t i l  u s e d .

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

and  th e n  c o a te d  w ith  BGG by the  fo l low ing  m e th o d  (186).

One m i l l i l i t r e  of p a c k e d  c e l l s  w a s  a d d ed  to  e a c h  of 2 u n i v e r s a l  

c o n ta in e r s ,  an d  e a c h  m a d e  up  to  10 m l .  w ith  p h o sp h a te  

b u f fe re d  s a l in e  (P B S ). T en  m i l l i l i t r e s  of ta n n ic  a c id  s o lu t io n  

(5 m g .  in  50 m l .  of P B S ), w e re  ad d ed  to  e a c h  u n i v e r s a l  

c o n ta in e r ,  w h ich  w e r e  th e n  a g i t a t e d  r a p id ly .  T h e  c e l l s  w e r e  

a l lo w ed  to  s tan d  a t  ro o m  t e m p e r a t u r e  f o r  15 m i n s . , s e p a r a t e d  

f r o m  the  ta n n ic  a c id  by c e n t r i f u g a t io n  a t  750 g. f o r  5 m i n s .  a t  

ro o m  t e m p e r a t u r e ,  a f t e r  w h ich  th e y  w e r e  w a sh e d  tw ice  a n d  

f in a l ly  r e  su sp e n d e d  in 10 m l .  of P B S . One u n i v e r s a l  

c o n ta in e r  c o n ta in e d  th e  c o n t r o l  c e l l s ,  a n d  th i s  w a s  s im p ly  

m a d e  up to 20 m l .  by th e  a d d i t io n  of P B S , w h e r e a s  th e  o th e r  

c e l l s  w e r e  c o a te d  by th e  a d d i t io n  o f  10 m l .  of P B S  c o n ta in in g



20 m g . of BGG (Cohn F r a c t i o n  II. K och L ig h t  L a b o r a t o r i e s ) .  

B oth  c o n ta in e r s  w e r e  in c u b a te d  a t  37°C f o r  30 m in s .  , w ith  

o c c a s io n a l  sh ak in g ,  a f t e r  w h ich  the  c e l l s  w e r e  s e p a r a t e d  f r o m  

the  s u p e r n a ta n t  by  c e n t r i fu g a t io n  a t  750 g. f o r  5 m in s .  a t  ro o m  

t e m p e r a t u r e .  The c e l l s  w e r e  th e n  w a sh e d  th r e e  t im e s  in  

PB S  co n ta in in g  l % h e a t  in a c t iv a te d  r a b b i t  s e r u m ,  w hich  h ad  

p r e v io u s ly  b e en  a b s o r b e d  a g a in s t  sh ee p  r e d  c e l l s ,  and  f in a l ly  

r e s u s p e n d e d  to 100  m l .  in  th is  so lu t io n  ( 1% s u sp e n s io n ) .

C o a ted  and  c o n t ro l  sh e e p  r e d  c e l l  s u s p e n s io n s  w e r e  k e p t  a t  

4 °C . \

E s t im a t io n  of BGG an t ib o d y  t i t r e s

S e ra  w e r e  h e a t - in a c t iv a t e d  a t  56°C  fo r  30 m in s .  and  th en  

a b s o r b e d  a g a in s t  sh ee p  r e d  c e l l s  (1 d ro p  of s e r u m  to  9 d r o p s  

of c o n tro l  sh eep  r e d  c e l l s ,  f in a l  d i lu t io n  1 in  10) f o r  3 0 -60  

m in s .  a t  r o o m  t e m p e r a t u r e .  T he s e r a  w e r e  th en  t i t r a t e d  

in  doubling  d i lu t io n ,  s t a r t i n g  a t  1 in  1 0 , u s in g  a  s t a n d a r d  

m i c r o - t i t e r  k i t  (Cooke E n g in e e r in g  C o. , A le x a n d r ia ,  V irg in ia ,  

U . S . A . ) .  The r e s u l t s  w e r e  r e a d  a f t e r  o v e rn ig h t  in c u b a t io n  

a t  ro o m  t e m p e r a t u r e ,  and  e x p r e s s e d  a s  log_ .

The t i t r e s  of 7S m e r c a p to - e th a n o l  r e s i s t a n t  a n t ib o d y  w e r e  

d e te r m in e d  b y  in c u b a t in g  one d ro p  of u n d i lu te d  s e r u m  w ith  one 

d ro p  of 0. 2M  2 - m e r c a p to - e th a n o l  a t  37°C fo r  60 m in s .  (114), 

a f t e r  w h ich  8 d ro p s  of the  c o n t ro l  s h e e p  r e d  c e l l  s u s p e n s io n  

w e r e  ad d ed  to  e ac h  tube  (f inal d i lu t io n  1 in  1 0 ), and  a l lo w e d  to



s tan d  fo r  30-60 m in s .  a t  ro o m  t e m p e r a t u r e .  T i t r a t i o n  of 

s e r a  an d  th e  r e a d in g  of th e  an t ib o d y  t i t r e s  w a s  p e r f o r m e d  a s  

b e fo re .

C o n t ro ls  w e r e  r a b b i t  a n t i -B G G  s e r u m ,  a n d  n o r m a l  

r a b b i t  s e r u m ,  a n d  w e r e  in c lu d e d  in  e v e r y  g ro u p  o f t e s t s .

A l l  s e r a  o b ta in e d  on th e  s a m e  day  w e r e  t e s t e d  a t  th e  s a m e  t im e .

BSA an tib o d y  r e s p o n s e s

M ice  w e re  b led  7 d ay s  a f t e r  the  a d m i n i s t r a t i o n  of 1. 0 m g .

131of I-B S A , in je c te d  i n t r a p e r i t o n e a l ly  w ith  100 jig . of BSA in

p h y s io lo g ic a l  s a l in e ,  b le d  on day  7 of the  s e c o n d a r y  r e s p o n s e ,

th e n  c h a l le n g e d  w ith  100 ^ig. of BSA in  F C A  a n d  b le d  10 d ay s

o
l a t e r .  S e r a  w e r e  s e p a r a t e d  a n d  s to r e d  a t  -20  C u n t i l  u s e d .  

A n tibody  to  BSA w e r e  d e te c te d  u s in g  the  a m m o n iu m  s u lp h a te  

p r e c ip i t a t io n  tech n iq u e  of F a r r  (188, 189), w h ich  is  b a s e d  on 

the  know ledge  th a t  a t  a  40% s a tu r a t i o n  of a m m o n iu m  s u lp h a te ,  

the  g lo b u lin  f r a c t io n  is  c o m p le te ly  p r e c i p i t a t e d  f r o m  s e r u m  

w h e r e a s  a lb u m in  r e m a in s  in  so lu t io n  (190). I f  a n t ib o d y  to  

BSA is  p r e s e n t  in  a  p a r t i c u l a r  s e r u m  an d  BSA is  a d d ed ,  th e n  

th a t  p a r t  of the  BSA c o m p le x e d  w ith  a n t ib o d y  i s  p r e c i p i t a t e d  

w ith  the  g lobu lin  f r a c t io n ,  w h e r e a s  th e  u n bound  BSA r e m a in s  

in  s o lu t io n .  T he  a m o u n t  of a n t ig e n  p r e c i p i t a t e d  is  p r o p o r t io n a l  

to th e  to ta l  an t ib o d y  p r e s e n t .



131L a b e l l in g  of BSA w ith  I

Two m i l l i g r a m s  of BSA d i s s o lv e d  in  1 m l .  of P B S , an d

0. 25 m g . of c h lo r a m in e  T in  0. 25 m l .  of P B S  w e r e  a d d ed  to

131a  v ia l  co n ta in in g  3m C i of I (IBS 3, R a d io c h e m ic a l s  C e n t r e ,

A m e r s h a m )  in  0. 2 m l .  v o lu m e . T h e  c o n te n ts  w e r e  m ix e d

c a r e f u l ly  an d  the  r e a c t io n  a l lo w e d  to  c o n tin u e  f o r  3 m in s .  ,

a f t e r  w h ich  t im e  120 jig. of so d iu m  m e ta b i s u lp h i t e  in  50 ul. of

P B S ,  and  2. 0 m g .  of p o t a s s iu m  io d id e  in  0. 2 m l .  w e r e  ad d ed ,

w ith  gen tle  sh ak in g ,  to s top  the  r e a c t io n .  T h e  c o n te n ts  of

the  v ia l  w e r e  p ip e t te d  c a r e f u l ly  onto  th e  top  of a  s ep h a d e x

co lum n  (G25 c o a r s e )  an d  e lu te d  w ith  P B S . T he  e lu a te  w as

c o l le c te d  in  t e s t  tu b e s  in  1 m l .  v o lu m e s ,  a n d  the  d i s t r ib u t io n

of the  r a d io a c t iv i ty  d e te r m in e d  u s in g  a  h a n d  m o n i to r .  T h e

th r e e  1 m l .  s a m p le s  c o n ta in in g  th e  m o s t  r a d io a c t iv i ty  w e r e  p o o led ,

u l t r a c e n t r i f u g e d  to  r e m o v e  a g g r e g a t e s ,  a s  d e s c r i b e d  in  th e  p r e v io u s

c h a p te r ,  a n d  th e  f in a l  p r o t e in  c o n c e n t r a t io n  d e t e r m in e d

s p e c t r o p h o to m e t r i c a l ly .  T h e  a n t ig e n  w as  k e p t  in  a  l e a d  c o n ta in e r  

oa t  4 C w hen  n o t  in  u s e .

E s t im a t io n  of BSA an t ib o d y  t i t r e s

T h e  a n t ig e n  b in d in g  c a p a c i t i e s  of the  s e r a  w e r e  d e t e r m in e d  

by  a m o d if ic a t io n  of the  a m m o n iu m  s u lp h a te  p r e c ip i t a t i o n  

m e th o d  of F a r r  (188, 189). S e r a  w e r e  in i t i a l l y  d i lu te d  1 in  4 

in  p h y s io lo g ic a l  s a l in e  c o n ta in in g  10% n o r m a l  r a b b i t  s e r u m ,  

a n d  then  by q u a d ru p l in g  d ilu t io n  o v e r  fo u r  tu b e s .  S e r a  h av in g
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h igh  an t ib o d y  t i t r e s  w e r e  r e - t i t r a t e d  b eg in n in g  a t  a  1 in  30 

d ilu t io n .  E a c h  t e s t  tu b e  c o n ta in e d  0. 1 m l .  of d i lu te d  s e r u m ,
d

to  w h ich  0. 2 m l .  of l a b e l l e d  BSA (1 .0  j i g / m l ) w e r e  ad d ed .

The c o n te n ts  o f  e a c h  tu b e  w e r e  th o ro u g h ly  m ix e d  a n d  a l lo w e d  

o
to  s ta n d  a t  4 C o v e rn ig h t .  To  a l l  th e  tu b e s  e x c e p t  the  TCA

c o n t r o l s ,  0 . 2  m l .  of s a t u r a t e d  a m m o n iu m  su lp h a te  w e r e  a d d ed ,

an d  to  th e  TCA  c o n t r o l s ,  0. 3 m l .  of 10% TCA  w e r e  a d d ed .

T he  tu b e  c o n te n t s  w e r e  th o ro u g h ly  m ix e d ,  a n d  a l lo w e d  to s ta n d  

o
a t  4 C fo r  2 h o u r s  to  a l lo w  f o r  c o m p le te  p r e c ip i t a t io n .  T he  

p r e c i p i t a t e s  w e r e  th e n  s e p a r a t e d  by c e n t r i f u g a t io n  a t  2, 300 r .  p. m . 

fo r  30 m in s .  a t  4 °C , a f t e r  w h ich  th e  s u p e r n a ta n t s  w e r e  c a r e ­

fu lly  r e m o v e d  a n d  d i s c a r d e d .  T h e  p r e c i p i t a t e s  w h ich  w e r e  

r e t a in e d  w e r e  w a sh e d  in  0. 5 m l .  o f  40% s a t u r a t e d  a m m o n iu m  

su lp h a te ,  e x c e p t  the  TC A  c o n t r o l s  w h ich  w e r e  w a s h e d  in  0 . 6 m l .  

of 10% TCA , an d  th e  tu b e s  r e c e n t r i f u g e d  a t  2, 300 r .  p . m .  f o r  

30 m in s .  a t  4 °C .  T h e  s u p e r n a ta n t s  w e r e  a g a in  d i s c a r d e d ,  

an d  th e  p r e c i p i t a t e s  d i s s o lv e d  in  0 . 5 m l .  of p h y s io lo g ic a l  

s a l in e .  T h e  t e s t  tu b e s  w e r e  th e n  i n s e r t e d  in to  c o u n tin g  tu b e s ,  

an d  th e  r a d io a c t iv i ty  p r e s e n t  in  e a c h  tu b e  d e t e r m in e d  u s in g  a 

N u c le a r  C h icag o  A u to m a t ic  g a m m a - c o u n t e r .  T h e  a m o u n t  

of a n t ig e n  r e m a in in g  in  e a c h  tube  w as  th e n  c a lc u la te d ,  u s in g  th e  TCA 

c o n t r o l s  a s  1 0 0 % and  th e  n e g a t iv e  c o n t r o l s  a s  b a c k g ro u n d .

T he  p e r c e n ta g e  o f  BSA in  e a c h  tu b e  w as  th e n  p lo t te d  a g a in s t  

d i lu t io n ,  an d  the  c u rv e  d ra w n .  T he  A B C  30 (p.g/m l) v a lu e  is  

c a lc u la te d  f r o m  the  d i lu t io n  of th e  t e s t  s e r u m  a t  w h ich  30% of



the  BSA i s  bound  a n d  e x p r e s s e d  a s  l o g ^ .  A s  m a n y  of the  s e r a  

w e re  of v e r y  low t i t  r e  in  the  p r i m a r y  r e s p o n s e ,  m a n y  of th e  

ABC 30 v a lu e s  h a d  to  be c a lc u la te d  b y  e x t r a p o la t io n ,  an d  so the  

ABC 30 v a lu e s  w e r e  a l s o  c a lc u la te d  on a  H e w l e t t - P a c k a r d  d e sk  

c a lc u la to r  p r o g r a m m e d  w ith  a  s t a n d a r d  F a r r  t e s t  c u r v e ,  (M ackay  -  

u n p u b lis h e d  d a ta ) .

A . s t a n d a r d  BSA an t ib o d y  s e r u m  a n d  n o r m a l  r a b b i t  s e r u m  

w e re  u s e d  a s  c o n t ro l s  th ro u g h o u t  th e  s tudy .

A ll  s e r a  f r o m  the  s a m e  b le e d  w e r e  a s s a y e d  on th e  s a m e  day .

F o r  the  p u r p o s e s  of s t a t i s t i c a l  a n a l y s i s ,  s e r a  n o t  c o n ta in in g  

m e a s u r a b l e  an tib o d y  w e r e  a r b i t r a r i l y  a s s ig n e d  th e  lo w e s t  ABC 30 

v a lu e  of the  p a r t i c u l a r  b a tc h  in  w h ich  th e y  w e r e  t e s t e d .

E s t im a t io n  of a f f in i ty  of BSA an t ib o d y  an d  th e  c o n c e n t r a t io n  of 

an tib o d y  co m bin ing  s i t e s  in  th e  s e r u m .

T h e  a n t ig e n -a n t ib o d y  r e a c t io n  i s  a  r e v e r s i b l e  r e a c t io n  w h ich  

can  be  q u a n t i ta t iv e ly  r e p r e s e n t e d  b y  th e  eq u a t io n :  -  

Ag + A b = AgAb 

Ag = f r e e  a n t ig e n  

Ab = f r e e  a n tib o d y  

AgAb = a n t ig e n -a n t ib o d y  c o m p le x .

T h e  a b i l i ty  of a n t ib o d y  to  b in d  w ith  a n t ig e n  i s  t e r m e d  a f f in i ty ,  

an d  i s  the  e q u i l ib r iu m  c o n s ta n t  (K) f o r  th e  r e a c t i o n .  A n tib o d y  

a ff in i ty  m a y  be  m e a s u r e d  b y  s e v e r a l  d i f f e r e n t  t e c h n iq u e s  in c lu d in g  

e q u i l ib r iu m  d ia ly s i s  (396), f l u o r e s c e n c e  q u en ch in g  (397), f l u o r e s c e n c e
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p o la r i s a t i o n  (398) a n d  f l u o r e s c e n c e  e n h a n c e m e n t  (399). T h e .
#

f i r s t  t h r e e  of th e s e  m e th o d s  r e q u i r e  th e  p u r i f i c a t io n  of s p e c i f ic
»

an tib o d y ,  a n d  the  f lu o r e s c e n c e  q u en ch in g  m e th o d  i s  l im i t e d  to  

a n t ig e n s  w h ich  e x h ib i t  c e r t a i n  f l u o r e s c e n c e  p r o p e r t i e s ,  A n tib o d ie s  

c an  on ly  be  p u r i f i e d  by  a s s o c i a t i o n  w ith  a n t ig e n ,  fo l lo w ed  by  

d i s s o c ia t io n ,  an d  t h e r e f o r e  m e th o d s  r e q u i r i n g  the  u s e  of p u r e  

a n t ib o d y  o b v io u s ly  s e l e c t  an t ib o d y  of h ig h  a f f in i ty ,  a s  low  a f f in i ty  

a n t ib o d y  p r o b a b ly  i s  n o t  p u r i f i e d  by  th i s  m e th o d .  In  o r d e r  to 

c i r c u m v e n t  th e s e  p r o b l e m s  an d  m e a s u r e  a n t ib o d y  a f f in i ty  in  w hole  

s e r u m  f o r  a  ra n g e  of a n t ig e n s ,  S o o th i l l  an d  S te w a rd  a d a p te d  the  

F a r r  te c h n iq u e  w ith  good r e s u l t s  (206). In  th i s  s tu d y  I u s e d  the  

m e th o d  of M ack ay  (191) to  d e te r m in e  b o th  th e  a n t ib o d y  a f f in i ty  an d  

th e  a b so lu te  c o n c e n t r a t io n  of a n t ib o d y  in  th e  s e r u m .  T h i s  m e th o d ,  

l ik e  th a t  d e s c r ib e d  b y  S o o th i l l  an d  S te w a r d  (206), i s  a  m o d if ic a t io n  

of th e  F a r r  te c h n iq u e .

T h e  f o r m u la  i s  d e r iv e d  f r o m  th e  g e n e r a l  e q u i l ib r iu m  eq u a tio n  

f o r  m u l t iv a le n t  a n t ig e n  a n d  h e te r o g e n e o u s  a n t ib o d y : -

A (K) dK

o

W h e r e  D = T h e  f in a l  d i lu t io n  f a c to r  of a n t i  s e r u m  in  th e  
r e a c t io n  m ix tu r e



F  = T h e  p r o p o r t i o n  of a n t ig e n  r e m a in in g  f r e e  a t  
e q u i l ib r iu m .

K = T h e  i n t r i n s i c  a s s o c i a t i o n  c o n s ta n t ,  i . e . the  
h y p o th e t ic a l  a s s o c i a t i o n  c o n s ta n t  f o r  th e  
r e a c t io n  b e tw e e n  i s o l a t e d  a n t ig e n ic  d e t e r ­
m in a n ts  a n d  i s o l a t e d  a n t ib o d y  c o m b in in g  s i t e s .

A(K)dK = T he  s e r u m  c o n c e n t r a t io n  of a n t ib o d y  
c o m b in in g  s i t e s  w ith  the  i n t r i n s i c  
a s s o c i a t i o n  c o n s ta n t  b e tw e e n  K an d  K + 
dK.

C = T h e  to ta l  c o n c e n t r a t io n  of a n t ig e n  in  th e  
r e a c t i o n  m ix tu r e  ( in  m o le s ) .

n  = T h e  n u m b e r  of a n t ig e n ic  d e t e r m in a n t s  p e r  
d e t e r m in a n t  ty p e  p e r  a n t ig e n  m o le c u le  
(p ro b a b ly  n = 1 f o r  BSA a n d  HSA, s in c e  the  
m o le c u le s  do no t c o n ta in  a n y  d u p l ic a te d  
p o ly p e p t id e  c h a in s ) .

A s s u m in g  th a t  the  a n t ib o d y  is  h o m o g e n e o u s ,  th e  e q u a t io n  th u s  

b e c o m e s

D l o g  F  =

/ >  C + S c  c  + s

i. e .

A  =

S ince  the  a n t ig e n  b in d in g  c a p a c i ty  (ABC 30) i s  e q u a l  t o ( l - F )

io g e F

C D ^ q , th e  fo llow ing  f o r m u la e  f o r  A  a n d  nK m a y  be d e r iv e d .



W h ere  A = T he  c o n c e n t r a t io n  of a n t ib o d y  c o m b in in g  s i t e s  
in  th e  s e r u m  (m o le s  p e r  £ ), i .  e . th e  a b s o lu te  
q u a n t i ty  of a n t ib o d y  p r e s e n t .

a^ a n d  a^, a r e  th e  a n t ig e n  b ind ing  c a p a c i t i e s  a s  d e f in ed  
by  F a r r  a t  2 a n t ig e n  c o n c e n t r a t io n s  C . a n d  C .

X Cd

P  = T he  f r a c t io n a l  b in d in g  to w h ic h  one in te r p o la te d  
w hen  c a lc u la t in g  th e  a n t ig e n  b ind ing  c a p a c i ty  
( f o r  A BC 30, P  = 0. 3).

n K =  T h e  a f f in i ty  in d ex  ( {, M *).

In o r d e r  to  e x a m in e  th e  s e r a  f o r  a n t ib o d y  a f f in i ty  a n d  the  

c o n c e n t r a t io n  of a n t ib o d y  c o m b in in g  s i t e s ,  ( the  a b s o lu te  

c o n c e n t r a t io n  of a n t ib o d y  in  th e  s e r u m ) ,  F a r r  t e s t s  w e r e  

p e r f o r m e d  a s  p r e v io u s ly  d e s c r ib e d ,  th e  o n ly  d i f f e r e n c e  be in g  

th a t  a  lo w e r  c o n c e n t r a t io n  of a n t ig e n  (0 . 1 j i g /m l )  w as  u s e d  in  

th e  seco n d  t e s t .  T hus  a^ an d  a ^  w e r e  m e a s u r e d  a t  a n t ig e n  

c o n c e n t ra t io n s  a n d  C ^ . F o r  th e  p u r p o s e s  of s t a t i s t i c a l  

a n a ly s i s  s e r a  n o t c o n ta in in g  an t ib o d y  w e r e  a r b i t r a r i l y  a s s ig n e d  

th e  lo w e s t  a f f in i t y /c o n c e n t  r a t io n  of a n t ib o d y  c o m b in in g  s i t e s  v a lu e  

of the  p a r t i c u l a r  b a tc h  in  w h ich  th e y  w e r e  t e s t e d .

P V P  an tib o d y  r e s p o n s e s

A n im a ls  w e r e  b le d  on only  one o c c a s io n ,  4 w e e k s  fo llow ing

131th e  a d m i n i s t r a t i o n  1 .0  m g .  of I - P V P .  A f t e r  th i s  b le e d  the

a n im a ls  w e r e  k i l l e d  a n d  th e  o rg a n  d i s t r i b u t io n  of P V P  d e te r m in e d .

o
S e r a  w e r e  s t o r e d  a t  -20 C u n t i l  u s e d .  A n tib o d y  to  P V P  w as  

d e te c te d  by p a s s iv e  h a e m a g g lu t in a t io n .
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P r e p a r a t i o n  of P V P  c o a te d  s h e e p  e r y th r o c y te s

Sheep  r e d  c e l l s  w e r e  f o r m a l i n i s e d  a n d  ta n n e d  a s  d e s c r i b e d  

p re v io u s ly ,  an d  th e n  c o a te d  w ith  P V P  (m o l .  w t. 10, 000;

G e n e r a l  A n il in e  an d  F i l m  C o r p o r a t io n ,  N ew  Y o rk ,  N. Y . ) a s  

d e s c r i b e d  by A n d e r s  son  (192). E s s e n t i a l l y  the  m e th o d  i s  th a t

d e s c r i b e d  f o r  co a t in g  s h e e p  r e d  c e l l s  w ith  BGG, the  on ly  

d i f f e r e n c e s  be ing  th a t  th e  c e l l s  w e r e  in c u b a te d  w ith  a n t ig e n  a t  

ro o m  t e m p e r a t u r e  r a t h e r  th a n  a t  37°C .

E s t im a t io n  of P V P  a n t ib o d y  t i t r e s

S e r a  w e re  a b s o r b e d  w ith  c o n t r o l  s h e e p  e r y t h r o c y t e s  a s  

p r e v io u s ly  d e s c r ib e d ,  an d  th e n  t i t r a t e d  in  d o ub ling  d i lu t io n  

s t a r t i n g  w ith  a  d i lu t io n  of 1 in  10. S ta n d a rd  m ic r o h a e m a g g lu t -  

in a t io n  p la te s  w e r e  u s e d  ( M i c r o t i t e r ,  C ooke E n g in e e r in g  Co. , 

A le x a n d r ia ,  V irg in ia ,  U . S . A . ) .  C o n t r o l  s e r a  c o n s i s t e d  of

r a b b i t  a n t i - P V P  s e r u m  a n d  n o r m a l  r a b b i t  s e r u m .  A l l  s e r a  

w e r e  t e s t e d  on  the  s a m e  day .

S ta t i s t i c a l  a n a ly s i s  of d a ta  w a s  m a d e  u s in g  S tu d e n t’s " t "

t e s t .
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F  r e q u e n c y  w ith  w hich  im m u n e  e l im in a t io n  of BGG w a s  o b s e r v e d

*in  6 s t r a i n s  of m ic e  a t  i t s  t im e  of o n s e t

S t r a in  of M ouse N u m b e r  w ith  
im m u n e  e l im in a t io n

T im e  of o n s e t  of 
im m u n e  e l im in a t io n

N ZB 1 5 /1 5 ( 1 0 0%) A ll  6 - 7  d ay s

NZW 3 /1 6 (18. 5%)
1 a t  6 d ay s  
1 a t  10. 5 d ay s  
1 a t  11 d ay s

BW F 1 1 / 1 6 (6 8 . 8%)

1 a t  7 d ay s
2 a t  8 d ay s  
4 a t  9 d ay s
3 a t  10 d ay s  
1 a t  12  d ay s

B A L B /c 1 6 / 1 6 ( 10 0 %) A l l  6 - 8  d ay s

C BA 6 / 1 6 (37.5% )
1 a t  6 . 5 d ay s  
4 a t  10 d ay s  
1 a t  11 d ay s

C3Hf 0 /1 6 (0%) -

T h e s e  d a ta  a r e  o b ta in e d  f r o m  th e  m ic e  s tu d ie d  in  c h a p te r  5. 
T h e  t im e  of o n s e t  of im m u n e  e l im in a t io n  o f  a n t ig e n  i s  ta k e n  a s  
th e  p o in t  a t  w hich  th e  e x t r a p o la t e d  l in e s  of n o n - im m u n e  an d  
im m u n e  e l im in a t io n  i n t e r s e c t e d .
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RESULTS

O n se t  of im m u n e  e l im in a t io n  of a n t ig e n . T h e  a n t ig e n  -

c a t a b o l i s m  ( n o n - im m u n e  e l im in a t io n )  s tu d ie s  w e r e  r e p o r t e d

in  th e  p r e v io u s  c h a p te r .  BGG w a s  th e  on ly  a n t ig e n  w ith  a.

s u f f ic ie n t ly  s low  r a t e  o f  c a ta b o l i s m  to  a l lo w  the  o n s e t  of

im m u n e  e l im in a t io n  to  be o b s e r v e d .  A s  show n in  T a b le  16,

im m u n e  e l im in a t io n  o c c u r r e d  in  a l l  N Z B  a n d  B A L B /c  m ic e

a n d  w a s  of r e l a t i v e l y  r a p id  o n s e t  ( 6 - 7  d a y s  f o r  N Z B , an d

6 - 8  d ay s  f o r  B A L B /c ) .  In  a d d i t io n ,  11 of th e  16 BW F^

m ic e  show ed  im m u n e  e l im in a t io n  of BGG, th e  o n s e t  o f  w h ich

o c c u r r e d  b e tw e e n  7 a n d  12 d a y s .  M ice  w ith  s lo w e r  r a t e s  of

a n t ig e n  c a ta b o l i s m  sh o w ed  im m u n e  e l im in a t io n  l e s s  f r e q u e n t ly

(6  of 16 CBA; 3 of 16 NZW; none  of 16 C3Hf) an d  w hen  i t  w a s

o b s e r v e d ,  i t  o c c u r r e d  l a t e r  th a n  in  th e  tw o in b r e d  s t r a i n s  w ith

r a p id  a n t ig e n  c a t a b o l i s m .  T h e r e  w e r e  two e x c e p t io n s :  one

fe m a le  CBA d e v e lo p e d  im m u n e  e l im in a t io n  a t  6 . 5 d a y s ,  a n d

one m a le  NZW a t  6 d a y s .  T h is  l a t t e r  m o u s e  a l s o  show ed  an

u n u s u a l ly  r a p i d  a n t ig e n  c a ta b o l ic  r a t e  f o r  NZW  m ic e  (T ^  =
2

4 5 .5  h r s .  c f . 9 9 .8  h r s .  f o r  w ho le  g ro u p ) .

BGG a n t ib o d y  r e s p o n s e s .  T h e r e  w e r e  no s ig n i f ic a n t  a n t ib o d y  

le v e l s  in  a n y  m o u s e  s t r a i n  a t  14 d ay s  fo l lo w in g  f i r s t  in je c t io n .  

T h e  B G G -an t ib o d y  t i t r e s  a f t e r  c h a l le n g e  w ith  B G G -F C A  a r e  

show n in  T a b le  17. T h e  h ig h e s t  t i t r e s  w e r e  found in  th e  t h r e e  

N ew  Z e a la n d  s t r a i n s ,  a n d  B A L B /c  m ic e  h a d  h ig h e r  t i t r e s  th a n



9
RELATIONSHIP BETWEEN BGG CATABOLISM AND ANTIBODY RESPONSE (POST FCA)

6 • M

E 5

I  «

• • • • •

• • ••

•  M l

OL
24 48 72 96

ELIMINATION RATE OF BGG (T j h rs) -
120

F ig .  26. R e la t io n s h ip  b e tw e e n  r a t e s  of BGG c a t a b o l i s m  a n d

BGG a n t ib o d y  t i t r e s  14 d a y s  fo l low ing  c h a l le n g e  w ith  

BGG in  F C A .
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PRIMARY RESPONSE TO BSA ANTIGEN CONCH- 1 .0 /zg /m L

o

B\bO
Oco
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x—Fem ale• -M a le
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PRIMARY RESPONSE TO BSA ANTIGEN CONCH- 0.1 f ig /m l.

£  xx 
•  x x*

NZB

•-M a le  x -F em ale

NZW
3

BWFj BALB/c
2

CBA
1

c 3hi 
1 4

NZ BxBALB /c  F j

F ig .  27. BSA a n t ib o d y  r e s p o n s e  (ABC 30; j ig /m l l o g ^ )  on 

d ay  7 of p r i m a r y  r e s p o n s e .

(a) A n t ig e n  c o n c e n t r a t io n  1 .0  p g / u l .

(b) A n t ig e n  c o n c e n t r a t io n  0. 1 p g / u l .

N u m b e r s  u n d e r  m o u s e  s t r a i n s  a r e  th e  n u m b e r  of 
m ic e  p e r  s t r a i n  w ith o u t  d e te c ta b le  a n t ib o d y ,  but 
a r e  r e p r e s e n t e d  a s  th e  lo w e s t  r e c o r d e d  v a lu e .
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28. BSA a n t ib o d y  r e s p o n s e  (ABC 30; p g /m l; l o g ^ )  on 

day  7 of th e  s e c o n d a r y  r e s p o n s e .

(a) A n t ig e n  c o n c e n t r a t i o n  1 .0  p g / u l .

(b) A n t ig e n  c o n c e n t r a t io n  0. 1 p g / u l .

N u m b e r s  u n d e r  m o u s e  s t r a i n s  a r e  th e  n u m b e r  
of m ic e  p e r  s t r a i n  w ith o u t  d e te c ta b le  a n t ib o d y , 
bu t a r e  r e p r e s e n t e d  a s  th e  lo w e s t  r e c o r d e d  v a lu e .
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ANTIBODY RESPONSE TO BSA (lOO^g) IN FCA: ANTIGEN CONCQ- l.O fxg/m l.

3

2

1

0

1

2

3
BALB/c CBABWFiNZW NZBxBALB/cF.NZB

• - “M ale Fem ale

ANTIBODY RESPONSE TO BSA (100/zg) IN FCA ANTIGEN CONCH* 0.1 M g/m l.

2

1

0

•1

2

3
NZW BALB/c CBANZB NZBxBALB/cF.

•-M ale  ^-Fem ale 1 1

F ig .  29. BSA a n t ib o d y  r e s p o n s e  (ABC 30; p g /r r i ;  10 Sjq)

10 d a y s  fo l lo w in g  c h a l le n g e  w ith  BSA in  F C A .

(a) A n t ig e n  c o n c e n t r a t i o n  1 .0  u g / u l .

(b) A n t ig e n  c o n c e n t r a t io n  0. 1 ju g /u l .

N u m b e r s  u n d e r  m o u s e  s t r a i n s  a r e  th e  n u m b e r  
of m ic e  p e r  s t r a i n  w ith o u t  d e te c ta b le  a n t ib o d y , 
bu t a r e  r e p r e s e n t e d  a s  th e  lo w e s t  r e c o r d e d  v a lu e .



RELATIONSHIP BETWEEN RATE OF WHOLE BODY ELIMINATION
OF BSA (T i) AND PRIMARY RESPONSE
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F ig . 30. P lo t of BSA an tib o d y  t i t r e s  (p r im a ry  re sp o n se )

a g a in s t  BSA c a ta b o lism  r a te s .



RELATIONSHIP BETWEEN RATE OF WHOLE BODY ELIMINATION
OF BSA (T |)  AND SECONDARY RESPONSE
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F ig . 31. P lo t of BSA an tib o d y  t i t r e s  (se c o n d a ry  re sp o n se )

a g a in s t  BSA c a ta b o lism  r a te s .



RELATIONSHIP BETW EEN RATE OF WHOLE BODY ELIMINATION OF BSA (t £) AND
ANTIBODY RESPONSE P06T-CHALLENGE WITH BSA IN FCA
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F ig . 32. P lo t of BSA an tibody  t i t r e s  (p o s t-c h a lle n g e  w ith

BSA in  FCA) a g a in s t  BSA c a ta b o lism  r a te s .
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CONCENTRATION OF ANTIBODY COMBINING SITES: PRIMARY RESPONSE TO BSA

• *

Sex

-10

-11

B A L B /cNZB NZW BW Fj CBA N ZB xB A LB /cFj
3 2 1 1 4

•  - M a le  x — Fem ale

F ig .  33. C o n c e n t r a t io n  o f  a n t ib o d y  c o m b in in g  s i t e s  in  the

s e r u m  (M /1 , l ° g 10) on  d ay  7 of th e  P r i m a r Y r e s p o n s e  

to  BSA.

N u m b e r s  u n d e r  m o u s e  s t r a i n s  a r e  th e  n u m b e r  of 
m ic e  p e r  s t r a i n  w ith o u t  d e te c ta b le  a n t ib o d y , bu t  
a r e  r e p r e s e n t e d  a s  the  lo w e s t  r e c o r d e d  v a lu e .



C
on

ce
nt

ra
ti

on
 

of 
an

ti
bo

dy
 

co
m

bi
ni

ng
 

si
te

s 
(M

/1
; 

lo
g

^)
 

in 
th

e 
se

co
n

d
ar

y
 

re
sp

on
se

 
to 

BS
A 

(1
00

 
;u.

g)
 

da
y 

7.

W
<DO
G0
u
0:+hm

• H
T)

G
• H
cJ
u

•MW
o+->G

•rH

mo
0OanJu

gtuO
•«H
to

£
cq

W

<1
PQ

C
cq
O

m
Eco
U

b0 ___
m G oO • H r-HG fcuO
P5o

• rH
& o

r H
• H G+J G
ci O r-H
u u

G0 > s 2
u O CO
g rQ 0o • H +-»
U G CO

a}

U X
. 0 0
, 0 to
a 'd
G G
£ nJ

o 0
s *
h 2
to

If)
CO
vO if)
r -  o

• •
i—< o

it \ /
-»-» P h

CM
oo r -  i n
o vO o
^  t o o  o

• • •
^  z r o  o

II II V
+J +-> P h

vO i n o
rH o CM
o O ' m m  m
o  CO <-« o r -  o

• • • • •
O  Z CM O —* o

II II V II N /
+■» t p t P

vO o vO
CM o co vjO

vO O  f- i oo  m
^  t o n J  m c -  o t -  o

• • • • • •
-  Z <=> Z CM O rH O

ii ii II V II v
H-> h-> +J P h +-» P h

o oo Is-  i n vjO i n
r - 00 vO o 00 i-H vO
VO rH t '- r-H O CM O CO
00  o o  m ■-I o i n  o ^  t o• • • •  • • • «
cs] o Z M1 o CO O -  £
II V ii II v II V n

t p +-> t p H-> P t H->

CO 00 CM 1—I o co
00 r>- co vO vO
rH vO oo rH o 00
r - oo vO i n O ' 00

• • • • • •
o o o o o o

+ 1 +  1 + 1 + • + • + 1
i n i n O ' 00 r H

CO CM co o CO
r-H vO rH CM

r H 00 vO r-H r- CM• • • • • •
r -i t ' -

1
vO

1 1
r -i 00

1

2 2  h 2  h 2 2  p4 S  t
CO lf> md i n co m vO i n vO m  r

o

r-H pq
cq £ Ui < m

XN N £ < cq co
Z £ cq cq U u

o
cO
vO

•
vO

I
rH rs t'~O' ® -»
CO iO
O  5  CO

•  5 j  •t- P* t"-I I

X

cq
N
Z

u
cq
a

<
cq



CO
NC

H-
 

(M
/l

; 
log

 
10

)

CONCENTRATION OF ANTIBODY COMBINING SITES: SECONDARY RESPONSE TO BSA

10

C,HfCBABALB/cBWF,NZWNZB
1 1

•-M a le  x —Fem ale

F ig .  34. C o n c e n t r a t io n  o f  a n t ib o d y  c o m b in in g  s i t e s  in  th e  

s e r u m  (M/1) cm d ay  7 of th e  s e c o n d a r y  r e s p o n s e  

to  BSA.

N u m b ers  u n d e r  m o u se  s t r a in s  a r e  the n u m b e r  of
m ic e  p e r  s t r a in  w ithout d e te c ta b le  an tibody, but
a r e  r e p re s e n te d  a s  the  lo w es t r e c o rd e d  value .
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CONCENTRATION OF ANTIBODY COMBINING SITES: POST-CHALLENGE WITH BSA IN FCA

s
s
cl
io

o X

-10

-11

-12 CBABALB/cBWF.NZWNZB

•-M a le  x -F e m ale

F ig .  35. C o n c e n t r a t io n  o f  a n t ib o d y  c o m b in in g  s i t e s  in  th e  

s e r u m  (M/1) 10 d a y s  fo llow ing  c h a l le n g e  w ith  

BSA in  F C A .

N u m b e rs  u n d e r  m o u se  s t r a in s  a r e  the  n u m b e r  of
m ic e  p e r  s t r a in  w ithout d e tec tab le  an tibody, but
a r e  r e p re s e n te d  a s  the  low est r e c o rd e d  value .



69.

th e  o th e r  tw o  'c o n t r o l '  s t r a i n s .  In d eed , C3H f m ic e ,  w ith  

one e x c e p t io n ,  p ro d u c e d  no a n t ib o d y .  No c o r r e l a t i o n  co u ld

be d e m o n s t r a t e d  b e tw e e n  r a t e s  of B G G - c a ta b o l i s m  a n d  B G G -
\

a n t ib o d y  t i t r e s  ( F ig .  26).

BSA a n t ib o d y  t i t r e s .  B S A -a n tib o d y  l e v e l s  on day  7 a f t e r  th e  

f i r s t  in je c t io n  of a n t ig e n  (T a b le  18 a + b; F ig .  27 a  + b) w e r e  

h ig h e s t  in  BW F^ a n d  N ZB  x  B A L B /c  F^ m ic e  an d  th i s  w as  

a l s o  th e  c a s e  f o r  th e  s e c o n d a r y  r e s p o n s e  (T a b le  19 a  + b;

F ig .  28 a  + b), a n d  fo l lo w in g  c h a l le n g e  w ith  B S A -F C A  

(T a b le  20 a  + b; F ig .  29 a  + b). C3H f m ic e  c o n s i s t e n t ly  h ad  

th e  lo w e s t  a n t ib o d y  t i t r e s .  T h e r e  w a s  no  c o r r e l a t i o n  b e tw e e n  

a n t ib o d y  t i t r e s  a n d  BSA c a t a b o l i s m  ( F i g s .  30, 32).i

P V P  a n t ib o d y  t i t r e s ;  A n tib o d y  to  P V P  w a s  n o t d e te c te d  in  

a n y  s e r u m  by th e  h a e m a g g lu t in a t io n  te c h n iq u e  u s e d .

T h e  a b s o lu te  c o n c e n t r a t io n  of a n t ib o d y  in  th e  s e r u m  a s  m e a s u r e d  

by th e  c o n c e n t r a t io n  of s e r u m  BSA a n t ib o d y  c o m b in in g  s i t e s .

T h e  a b s o lu te  c o n c e n t r a t io n  o f BSA a n t ib o d y  in  th e  s e r u m  

a s  o p p o sed  to  the  A B C  30 v a lu e  w h ic h  d e p e n d s  bo th  on  q u a n t i ty  

a n d  q u a l i ty  of a n t ib o d y  ( T a b le s  21 -2 3 ; F i g s .  33-35) w as  h ig h e s t  

in  B W F j  an d  N ZB x  B A L B /c  F^  m ic e  d u r in g  th e  p r i m a r y  an d  

s e c o n d a r y  r e s p o n s e s ,  an d  fo llow ing  c h a l le n g e  w ith  BSA in  F C A  

C 3Hf m ic e  h a d  th e  lo w e s t  a n t ib o d y  c o n c e n t r a t io n  on a l l  t h r e e  

o c c a s io n s .  A t a l l  t i m e s  N ZB  m ic e  h a d  s ig n i f ic a n t ly  h ig h e r  

a n t ib o d y  c o n c e n t r a t io n s  th a n  C3H f an d  N ZW , bu t no t B A L B /c  

o r  CBA  m ic e .
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AFFINITY (K) OF BSA ANTIBODY: PRIMARY RESPONSE

11

10

NZB NZW BWFi BALB/c CBA CgHI NZBxBALB/cFj
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•-Male x-Fem ale

36. A ff in i ty  of BSA a n t ib o d y  on d ay  7 of th e  p r i m a r y  

r e s p o n s e .

N u m b e rs  u n d e r  m o u se  s t r a in s  a r e  the n u m b e r
of m ic e  p e r  s t r a in  w ithout d e te c ta b le  antibody,
but a r e  r e p re s e n te d  a s  the  lo w es t r e c o rd e d  value .
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AFFINITY (K) OF BSA ANTIBODY: SECONDARY RESPONSE

•  x
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X X • X *C

NZB NZW BWFj BALB/c CBA CjHf NZBxBALB/cFj
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•-M ale  x-Fem ale

F ig .  37. A ff in i ty  of BSA a n t ib o d y  on day  7 of th e  s e c o n d a r y  

r e s p o n s e .

N u m b e rs  u n d e r  m o u se  s t r a in s  a r e  the  n u m b e r  of
m ic e  p e r  s t r a in  w ithout d e te c ta b le  an tibody, but
a r e  r e p re s e n te d  a s  the lo w es t r e c o rd e d  value .
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AFFINITY (K) OF BSA ANTIBODY POST-CHALLENGE WITH BSA IN FCA
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•  -Male x_Femal6

F ig .  38. A ff in i ty  of BSA a n t ib o d y  10 d a y s  fo llow ing  c h a l le n g e  

w ith  BSA in  F C A .

N u m b e rs  u n d e r  m o u se  s t r a in s  a r e  the  n u m b e r  of
m ic e  p e r  s t r a in  w ithout d e tec tab le  an tibody, but
a r e  r e p re s e n te d  a s  the  low est r e c o rd e d  va lue .



RELATIONSHIP BETWEEN AFFINITY (K) AND CONCENTRATION
OF ANTIBODY COMBINING SITES PRIMARY RESPONSE
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F ig .  39. R e la tio n sh ip  b e tw een  a ff in ity  of BSA an tibody  and

the c o n c e n tra t io n  of s e ru m  an tibody  com bin ing

s i te s  du r ing  the  p r im a r y  r e s p o n s e .



RELATIONSHIP BETW EEN A FFINITY (K ) AND CONCENTRATION
O F BSA ANTIBODY: SECONDARY RESPONSE DAY 7

#o • * •

r = 0.4406 
t = 3.7700 
p < 0.0005
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F ig .  40. R e la t io n sh ip  b e tw een  a ffin ity  of BSA an tibody  and

the  c o n c e n tra t io n  of an tibody  com bin ing  s i te s

du ring  the  s e c o n d a ry  re s p o n s e .



* RELATIONSHIP BETW EEN AFFIN ITY (K) AND CONCENTRATION OF
ANTIBODY COMBINING SITES FOLLOWING CHALLENGE WITH BSA IN FCA
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r = 0.0662 
t = 0.4961 
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R ela t io n sh ip  be tw een  a ffin ity  of BSA an tibody  and

the c o n c e n tra t io n  of an tibody  com bin ing  s i te s  10 days

following ch a llen g e  w ith  BSA in  F C A ,



A ffin ity  o f  BSA a n t ib o d y .  T h e  a f f in i ty  o f  BSA a n t ib o d y  i n c r e a s e d  

w ith  p r o g r e s s i v e  im m u n is a t io n .  D u r in g  the  p r i m a r y  r e s p o n s e  

(T ab le  24; F ig .  36) i n t e r s t r a i n  d i f f e r e n c e s  w e r e  no t a p p a r e n t ,  

w h e r e a s  d u r in g  th e  s e c o n d a r y  r e s p o n s e  (T a b le  25; F ig .  37),

CBA m ic e  p ro d u c e d  a n t ib o d y  o f s ig n i f ic a n t ly  h ig h e r  a f f in i ty  th a n  

a l l  bu t NZW  m ic e .  I n t e r s t r a i n  v a r i a t i o n s  w e r e  m o s t  obv ious  

fo llo w in g  c h a l le n g e  w ith  BSA in  F C A  (T a b le  26), a n d  t h e r e  w a s  

a  r e d u c t io n  in  th e  o v e r a l l  s c a t t e r  of th e  r e s u l t s ,  w ith  a  m a r k e d  

re d u c t io n  in  i n t r a - s t r a i n  v a r i a t i o n s  (F ig .  38). BW F^ m ic e  a t  

th is  s ta g e  p ro d u c e d  a n t ib o d y  of h ig h e r  a f f in i ty  th a n  o th e r  s t r a i n s ,  

w h e r e a s  C3H f m ic e  p ro d u c e d  a n t ib o d y  o f th e  lo w e s t  a f f in i ty .

D u rin g  th e  p r i m a r y  ( F ig .  39) an d  s e c o n d a r y  (F ig .  40) im m u n e  

r e s p o n s e s ,  a n  i n v e r s e  c o r r e l a t i o n  b e tw e e n  th e  c o n c e n t r a t io n  of 

s e r u m  a n t ib o d y  c o m b in in g  s i t e s  a n d  th e  a f f in i ty  of th e  a n t ib o d y  

p r o d u c e d  w a s  p r e s e n t  ( r  = 0. 6470, t  = 6 .1 1 9 1 ,  p ^ 0 .0 0 0 5 ;  a n d  

r  = 0 .4 4 0 6 ,  t  = 3. 7700, p ^ 0 .0 0 0 5  r e s p e c t iv e ly ) .  No su ch  

c o r r e l a t i o n  e x i s t e d  fo l lo w in g  c h a l le n g e  w ith  BSA in  F C A  (F ig .  41).



71.

DISCUSSION

L ike  S ta p le s  an d  T a la l  (107) I h av e  found  i n c r e a s e d  t i t r e s  

of a n t ib o d y  to  BGG fo llow ing  c h a l le n g e  w ith  B G G -F C A  in  NZB 

a n d  B W F j m ic e  c o m p a r e d  to c o n t r o l  s t r a i n s .  C o n t r a r y  to  

t h e i r  f in d in g s ,  NZW m ic e  in  the  p r e s e n t  s tu d y  w e r e  a l s o  found  

to d ev e lo p  h ig h  B G G -an t ib o d y  t i t r e s .  B A L B /c  m ic e  a l s o  

p ro d u c e d  h igh  t i t r e s  of a n t ib o d y  to BGG, a  f ind ing  w h ic h  h a s  

b e en  p r e v io u s ly  n o ted  (107, 180), a n d  is  th o u g h t to  be t h e i r  

h y p e rp h a g o c y to s is  of BGG a g g r e g a t e s  (180).

D u r in g  the  p r i m a r y  a n d  s e c o n d a ry  im m u n e  r e s p o n s e s  to  BSA 

an d  fo llow ing  c h a l le n g e  w i th  B S A -F C A , a n t ib o d y  le v e l s  w e r e  

a lw ay s  h ig h e s t  in  BWF^ a n d  N ZB  x  B A L B /c  F^  m ic e .  N ZB  

a n d  B A L B /c  m ic e  a l s o  h a d  r e l a t i v e l y  h ig h  B S A -a n t ib o d y  t i t r e s ,  

bu t NZW m ic e  c o n s i s t e n t ly  p ro d u c e d  the  lo w e s t  t i t r e s  e x c e p t  

f o r  C3Hf m ic e ,  in  c o n t r a s t  to  t h e i r  good a n t ib o d y  r e s p o n s e  to  

BGG. T h e r e  h a s  b e en  a c c u m u la t in g  e v id e n c e  th a t  th e  im m u n e  

r e s p o n s e  i s  u n d e r  g e n e t ic  c o n t r o l  (193) a n d  i t  w as  t h e r e f o r e  

s u r p r i s i n g  to f in d  th a t  th e  B S A -an tib o d y  r e s p o n s e s  in  BW F^ m ic e  

w e r e  g r e a t e r  th a n  th o s e  of e i t h e r  p a r e n t  s t r a i n .  H o w e v e r ,  the  

n e p h r i t i s  of BW F^ m ic e  i s  f a r  m o r e  f l o r id  th a n  th a t  of e i t h e r  

p a r e n t  s t r a i n  (78 , 80, 87) an d  t h e i r  a n t ib o d y  r e s p o n s e  to  h e a t -  

d e n a tu r e d  D N A -m e th y la te d  BSA c o m p e x  is  a l s o  h ig h e r  th a n  th a t  

of e i th e r  p a r e n t  s t r a i n  (102). T he  h ig h  a n t ib o d y  r e s p o n s e s  to  BSA 

in  B W F j m ic e ,  l ik e  th e  s low  r a t e  of BSA c a ta b o l i s m ,  a g a in  show  th a t  

th e  p h en o ty p e  of the  F I  h y b r id  c a n n o t  be p r e d i c t e d  f r o m  k now ledge  

of the  p a r e n t s ’ g e n o ty p es .



T he  a b se n c e  of P Y P  a n tib o d y  in  an y  of th e  s e r a  of th e s e  

m o u s e  s t r a i n s  i s  in  k eep in g  w ith the  r e p o r t  of A n d e r s s o n  (192) 

who found th a t  100 pg  of P V P  w as  a to le r o g e n ic  d o se  in  m ic e .  

H o w e v e r ,  in  th is  s tudy , one m o n th  a f t e r  a d m in i s t r a t i o n  of P V P ,  

s p le e n  w e ig h ts  w e re  i n c r e a s e d  and  t h e i r  h i s to lo g ic a l  a p p e a r a n c e s  

w e r e  c o n s i s te n t  w ith  an  ongoing im m u n e  r e s p o n s e .  T o g e th e r  

w ith  the  e x t r e m e ly  long w h o le -b o d y  h a l f - l i f e  of P V P  (c h a p te r  5), 

th i s  s u g g e s ts  th a t  the  m e c h a n is m  of t o l e r a n c e  in d u c t io n  to P V P  

m a y  be s i m i l a r  to  th a t  p ro p o s e d  fo r  T y p e  III p n e u m o c o c c a l  

p o ly s a c c h a r id e  (194-196). T h is  f o r m  of t o l e r a n c e  d e p en d s  on 

the  r e l a t i v e ly  in d ig e s t ib le  n a tu r e  of the  a n t ig e n .  F o l lo w in g  i t s  

in g e s t io n  by  m a c r o p h a g e s , ' the  an tig en  p e r s i s t s  i n t r a c e l l u l a r l y  

an d  i s  g ra d u a l ly  r e l e a s e d  f r o m  the  c e l l s ,  b in d s  w ith  an t ib o d y ,  

an d  i s  r e -p h a g o c y to s e d .  T h e r e f o r e  a n t ib o d y  c an n o t be  d e te c te d

in  the  p e r i p h e r a l  b lood . T h a t  an  im m u n e  r e s p o n s e  i s  o c c u r r in g

can  be shown b y  d e m o n s t r a t in g  an tib o d y  p ro d u c in g  c e l l s  by  

l o c a l i s e d  h a e m o ly s i s  in  g e l  (197) o r  im m u n o c y to a d h e r e n c e  (198, 

199). So f a r  I h av e  b een  unab le  to d e te c t  P V P  a n t ib o d y  p ro d u c in g  

c e l l s  u s in g  th e s e  te c h n iq u e s  on a  n u m b e r  of o c c a s io n s .

A lthough  th e  r e la t io n s h ip  b e tw een  a n t ig e n  c a ta b o l i s m  (non- 

im m u n e  e l im in a t io n )  an d  im m u n o g e n ic i ty  i s  c o m p le x ,  S t a r k  (178, 

181) s u g g e s te d  th a t  ra p id  an tig e n  c a ta b o l i s m  m a y  " p r e d i s p o s e  to ,  

o r  b e  r e l a t e d  to ,  a  su b se q u e n t  im m u n e  r e s p o n s e .  M ice  of the  

Sobey s t r a in  w hich  w e re  u n re s p o n s iv e  to  BSA, a l s o  e l im in a te d  th is  

an tig en  s low ly  (179), w hich  s u g g e s te d  an  i n t e r - r e l a t i o n s h i p  b e tw ee n



n o n  - im m u n e  an tigen  e l im in a t io n  and  s u b s e q u e n t  im m u n e  r e s p o n s e .  

H o w e v e r ,  I w as  unable  to d e m o n s t r a t e  an y  c o r r e l a t i o n s  b e tw ee n  

a n t ig e n  c a ta b o l i s m  and  the  h e ig h t  of th e  im m u n e  r e s p o n s e  in  the  

p r e s e n t  s tudy . On the  o th e r  han d , th o s e  i n b r e d  s t r a i n s  of m ic e  

w h ich  h a d  th e  m o r e  r a p id  r a t e s  of BGG c a ta b o l i s m ,  d id  d eve lop  

im m u n e  e l im in a t io n  of th is  an tig en  a t  an  e a r l i e r  t im e  th a n  th o s e  

w ith  s lo w e r  c a ta b o l ic  r a t e s .  T h is  t r e n d  w a s  o b s e r v e d  to  a  l e s s e r  

e x te n t  in  the  BW F^ h y b r id  m ic e ,  s u g g e s t in g  th e  o p e ra t io n  of g e n e t ic  

f a c t o r s  w hich  d if f e r  f r o m  th o se  c o n t ro l l in g  e i t h e r  a n t ig e n  c a ta b o l i s m  

o r  im m u n e  r e s p o n s e s .

T h e  in d u c tio n  of an  im m u n e  r e s p o n s e  i s  a  c o m p le x  s e q u e n c e  of 

c e l lu la r ,  i n t e r a c t io n s  any  of w hich  m a y  be  r a t e - l i m i t i n g .  . H o w e v e r ,  

th e  r e s u l t s  of th is  s tudy  su g g e s t  th a t  th e  p r o c e s s  of a n t ig e n  

c a ta b o l i s m  i s  n o t  r a t e - l im i t in g  in  m ic e  w ith  the  a n t ig e n s  s tu d ie d .  

In d e e d ,  i t  h a s  been  shown by  M itc h e l l ,  G r u m e t  a n d  M a c D e v i t t  (200) 

th a t  C 3H  SW m ic e ,  w hich  a r e  h igh  r e s p o n d e r s  to  th e  sy n th e t ic  

p o ly p e p t id e  a n tig en  p o ly - L - ( ty r o s in e ,  g lu ta m ic  a c id ) - p o ly - D L -  

a l a n in e -p o ly -L - ly s in e ( ( T G ) -A - - L ) ,  a r e  h ig h  r e s p o n d e r s  n o t  b e c a u s e  

of a n t ig e n  p r o c e s s in g  f a c t o r s ,  bu t  b e c a u s e  of an  e f fe c t  m e d ia te d  

by  th y m u s  c e l l  i n te r a c t io n  w ith  an tig e n .  In  th i s  r e s p e c t ,  o th e r  

w o r k e r s  h a v e  shown th a t  t h e r e  a r e  c h an g e s  in  th y m u s - b o n e  m a r r o w  

c e l l  c o - o p e r a t io n  in  NZB m ic e  (108, 119, 130, 131, 131a) w h ich  

m a y  e x p la in  m a n y  of the  im m u n o lo g ic a l  p h e n o m e n a  p e c u l i a r  to  

the  N ew  Z e a la n d  s t r a in s  of m ic e .



I t  i s  i n t e r e s t i n g  to sp e c u la te  a s  to th e  r e a s o n  w hy m ic e  

h a v in g  r a p id  r a t e s  of a n t ig en  c a ta b o l i s m  (n o n - im m u n e  

e l im in a t io n )  h a v e  e a r l i e r  im m u n e  e l im in a t io n .  T h e  r a t e  of 

c a t a b o l i s m  r e p r e s e n t s  the  r a t e  a t  w h ich  a n t ig e n  i s  d ig e s te d  

b y  th e  m a c r o p h a g e s  of the  l i v e r ,  bone m a r r o w  a n d  r e d  pu lp  

o f  s p le e n ,  th u s  b eco m in g  u n a v a i lab le  f o r  im m u n o g e n e s i s .

T h e r e f o r e  m ic e  hav ing  a r a p id  r a t e  of a n t ig e n  c a ta b o l i s m  m u s t  

r e s p o n d  ra p id ly ,  o r  no t a t  a l l ,  w h e r e a s  m ic e  w ith  s low  c a ta b o l ic  

r a t e s  a r e  ab le  to re sp o n d  m o r e  s low ly .

T h e  r e l e v a n c e  of the  f ind ing  of r a p id  r a t e s  of a n t ig e n

c a ta b o l i s m  in  NZ m ic e  i s  u n c e r ta in .  A lth o u g h  p r e v io u s  d a ta
>

h a s  s u g g e s te d  th a t  i n c r e a s e d  r a t e s  of a n t ig e n  c a ta b o l i s m  m a y  

c o n t r ib u te  to im m u n o g e n ic i ty  (178), the  d a ta  p r e s e n t e d  in  th i s  

c h a p te r  show th a t  the  im m u n o lo g ic a l  h y p e r - r e s p o n s i v e n e s s  of 

NZ m ic e  i s  n o t  d i r e c t ly  r e l a t e d  to t h e i r  r a p id  r a t e s  of n o n -  

im m u n e  an tig e n  e l im in a t io n .  H o w e v e r ,  r a p id  r e m o v a l  of 

a n t ig e n  by  m a c r o p h a g e s  m a y  a t  l e a s t  c o n t r ib u te  to  t h e i r  r e l a t i v e  

r e s i s t a n c e  to th e  in d u c tio n  of to l e r a n c e ,  by  r e d u c in g  th e  

p o s s i b i l i t y  of s ig n if ic a n t  c o n ta c t  b e tw een  th e  u n p r o c e s s e d  a n t ig e n  

a n d  a n t ig e n  s e n s i t iv e  ly m p h o c y te s .

D ixon  an d  h i s  c o l le a g u e s  (201) h av e  shown th a t  a  s m a l l  n u m b e r  

of r a b b i t s  r e p e a te d ly  im m u n is e d  w ith  so lu b le  h e te r o lo g o u s  s e r u m  

p r o t e i n s  develop  an  im m u n e  c o m p le x  n e p h r i t i s  a n d  s u g g e s te d  th a t  

th i s  c o u ld  be due to v a r ia t io n s  in  the  q u a n t i ty  o f  p r e c ip i t a t i n g



74 (a).

a n t ib o d y  f o r m e d .  C h r i s t i a n ' s  g roup  h a v e  shown th a t  th e  

d e v e lo p m e n t  of g lo m e r u lo n e p h r i t i s  d e p en d s  upon the  f o r m a t io n  

of p r e d o m in a n t ly  n o n - p r e c ip i t a t i n g  a n t ib o d ie s  (202-204). Such 

a n t ib o d ie s  w ould  r e c o g n i s e  on ly  a l im i t e d  n u m b e r  of m u l t ip le  

a n t ig e n ic  d e t e r m in a n t s ,  a n d  th u s  fa v o u r  th e  f o r m a t io n  of so lu b le  

c o m p le x e s ,  r a t h e r  than  th e  e l a b o r a te  l a t t i c e  s t r u c t u r e  of 

p r e c ip i t a t i n g  a n t ig e n -a n t ib o d y  c o m p le x e s .  T h i  s v iew  h a s  

s in c e  b e e n  a p p l ie d  to i n b r e d  s t r a i n s  of m ic e ,  s e v e r a l  of w hich  

d ev e lo p  c h ro n ic  g lo m e r u lo n e p h r i t i s  on e x p o s u r e  to in fe c t io n  

w ith  the  ly m p h o c y t ic  c h o r io - m e n in g i t i s  (LCM) v i r u s  (205).

I t  h a s  b e en  shown th a t  th o s e  s t r a i n s  of m ic e  p ro n e  to d ev e lo p  

im m u n e  c o m p le x  n e p h r i t i s ,  p ro d u c e  a n t ib o d y  of low  a f f in i ty  

c o m p a r e d  to  o th e r  s t r a i n s  fo llow ing  r e p e a t e d  im m u n is a t io n  

w ith  s e v e r a l  so lu b le  s e r u m  p r o t e in s  an d  o th e r  a n t ig e n s  (206,

207). N ZB a n d  BW F^ m ic e  s p o n ta n e o u s ly  d ev e lo p  im m u n e  

c o m p le x  n e p h r i t i s ,  (82, 83) w h ich  m a y  be  a g g r a v a t e d  b y  L C M  

o r  p o ly o m a  v i r u s  in fe c t io n s  (102). I t  th u s  s e e m e d  r e l e v a n t  

to  s tu d y  th e  a f f in i ty  of an t ib o d y  p r o d u c e d  in  r e s p o n s e  to  BSA 

im m u n is a t io n  in  t h e s e ,  an d  o th e r  s t r a i n s  of m ic e .  T h e  r e s u l t s  

of th is  s tu d y  d e m o n s t r a t e  th a t  in  the  p r i m a r y  r e s p o n s e  to  BSA, 

i n t e r  s t r a i n  d i f f e r e n c e s  in  a n t ib o d y  a f f in i ty  do n o t  o c c u r .

H ow ever ,  following a se c o n d a ry  an tig en ic  cha llenge , NZB and

B W F j m ic e  p ro d u ce  antibody of som ew hat lo w e r  a ffin ity  than

th a t  of the o th e r  s t r a in s  s tud ied , w ith the excep tion  of C3Hf m ic e .



m ic e  m a y  ex p la in  th is  d i f f e r e n c e .  C e r o t t i n i  an d  h i s  

c o l le a g u e s  (110) h a v e  p r e v io u s ly  s tu d ie d  th e  a f f in i ty  of BSA 

a n tib o d y  in  N ew  Z e a la n d  a n d  o th e r  s t r a i n s  o f  u n im m u n is e d  

m ic e ,  fo llow ing  th e  in je c t io n  of BSA in  F C A ,  l ik e  S o o th i l l  a n d  

S te w a rd  (206), th e y  d e te c te d  no i n t e r  s t r a i n  d i f f e r e n c e s .

A f u r t h e r  d i f f e r e n c e  b e tw ee n  th e s e  r e s u l t s  a n d  th o s e  of 

S o o th i l l 's  g roup  (206, 207, 208), l i e s  in  th e  r a n g e  of v a lu e s  

c a lc u la te d  f o r  th e  a f f in i ty  in d ic e s  (K). T h o s e  a u th o r s  r e p o r t e d  

v a lu e s  f o r  l o g ^ K  ra n g in g  b e tw e e n  5 a n d  7 1 /M , w h ich  a r e  

c o n s id e ra b ly  lo w e r  th a n  th o s e  found  in  the  p r e s e n t  e x p e r im e n t  

(6 . 4 to 9. 5). T h e  a f f in i t i e s  of an tib o d ie s  p ro d u c e d  by  v a r io u s

a n im a l s  an d  h u m a n s  h a v e  b e en  r e p o r t e d  to  r a n g e  b e tw e e n

4 10
1 x  10 an d  1 .8  x  10  (2 0 9 ), a n d  th e  r e s u l t s  of b o th  th i s  s tudy ,

a n d  th o se  of S o o th i l l 's  g ro u p  l ie  w e l l  w ith in  th i s  r a n g e .  T h e

a ff in i ty  of a n tib o d y  h a s  b e e n  show n to  d e c r e a s e  w ith  i n c r e a s i n g

d o s e s  of a n t ig e n ,  a n d  th i s  a p p e a r s  to be  r e l a t e d  to  th e  o n s e t  of

im m u n o lo g ic a l  to l e r a n c e  (210). T h e  m o r e  p ro lo n g e d  a n t ig e n

a d m in i s t r a t i o n  sch e d u le  of S o o th i l l 's  g ro u p  m a y  h a v e  r e s u l t e d

in  the  f o r m a t io n  of a n tib o d y  of lo w e r  a f f in i ty  b e c a u s e  th e  m ic e

w e r e  be ing  r e n d e r e d  p a r t i a l l y  t o l e r a n t ,  w ith  d e le t io n  of c e l l

c lo n e s  p ro d u c in g  h ig h -a f f in i ty  a n t ib o d y  (211). H o w e v e r ,

th i s  e x p lan a t io n  i s  d if f icu l t  to  a c c e p t  a s  S te w a rd  (208) h a s

shown th a t  New Z ea lan d  m ic e  p ro d u c e  antibody of f a r  lo w er



a f f in i ty  th a n  o th e r  m o u s e  s t r a i n s ,  y e t  o th e r  w o r k e r s  (107, 108, 

1 0 9 ) h av e  shown th e m  to  be  r e l a t i v e ly  r e s i s t a n t  to  the  in d u c t io n  

of im m u n o lo g ic a l  t o l e r a n c e .

T he  c o n c e n t ra t io n  of an t ib o d y  c o m b in in g  s i t e s  in  th e  s e r u m  

show ed  an i n v e r s e  c o r r e l a t i o n  w ith  a n t ib o d y  a f f in i ty  in  bo th  the  

p r i m a r y  a n d  s e c o n d a ry  r e s p o n s e s ,  b u t  n o t  fo llow ing  c h a l len g e  

w ith  BSA in  F C A . S te w a r d  a n d  P e t t y  (207), w e r e  u n ab le  to  

d e m o n s t r a t e  such  a c o r r e l a t i o n ,  an d  a g a in  th i s  cou ld  be  due to  

the  p ro lo n g e d  c o u r s e  of a n t ig e n  a d m in i s t r a t i o n  th e y  e m p lo y e d .

In the  p r e s e n t  e x p e r im e n t  the  c o r r e l a t i o n  c o e f f ic ie n t  w a s  m u c h  

l o w e r  f o r  the  s e c o n d a ry  r e s p o n s e  th an  f o r  th e  p r i m a r y  r e s p o n s e .  

M cK ay (191) h a s  o b s e r v e d  a s i m i l a r  c o r r e l a t i o n  in  th e  s e r a  of 

ch ick e n s  im m u n is e d  w ith  HSA.

A lthough  d i f f e r e n c e s  in  th e  im m u n is a t io n  s c h e d u le s  e m p lo y e d  

in  th e s e  two s tu d ie s  do e x i s t ,  a n d  m a y  a c c o u n t  f o r  so m e  of th e  

d i f f e r e n c e s  in  the  r e s u l t s  o b ta in e d ,  I a m  u n a b le  to  c o n f i rm  

S te w a r d 's  o b s e r v a t io n  (208), th a t  N ew  Z e a la n d  m ic e  p ro d u c e  

an tibody  of lo w e r  a f f in i ty  th a n  o th e r  s t r a i n s .



C H A PTER 7.

A  STUDY O F THYROXINE S E C R E T IO N  R A T E S

IN M ICE



IN TRO D U C TIO N

S ta r k  (181) show ed  th a t  a d m i n i s t r a t i o n  of th y ro x in e  in  

p h a r m a c o lo g i c a l  d o se s  i n c r e a s e d  the  r a t e  o f  c a ta b o l i s m  of bo v in e  

g a m m a  g lobu lin  in  m ic e .  It th u s  a p p e a r e d  p o s s ib le  th a t  the  

r a p id  r a t e s  of a n t ig e n  c a ta b o l i s m  e n c o u n te r e d  in  New Z e a la n d  

m ic e  c o u ld  r e f l e c t  s t r a i n  d i f f e r e n c e s  in  e n d o g en o u s  th y ro x in e  

s e c r e t io n .  In th i s  c h a p te r  I h av e  a p p l ie d  the  o c c u p a n c y  

p r in c ip le  (212,213) to  s tu d y  th y ro x in e  s e c r e t i o n  r a t e s  in  5 s t r a i n s  

of m ic e .

T he  O c cu p a n cy  P r in c i p l e

T h e  o c c u p a n c y  p r in c ip le  i s  a n  obv io u s  c o r o l l a r y  of th e  law  

of th e  c o n s e r v a t io n  of m a t t e r .  T he  body  of a l l  a n im a l s  u l t im a te ly  

c o n s i s t s  only  of m a t t e r  w h ic h  h a s  e n t e r e d  f r o m  o u ts id e ,  s in c e  no 

m a t t e r  i s  c r e a t e d  w ith in  th e  body. T h e r e  m u s t  t h e r e f o r e  be 

a p r e c i s e  a n d  d e f in i te  r e l a t io n s h ip  b e tw e e n  th e  q u a n t i ty  of an y  k in d  

of m a t e r i a l  in  th e  body, o r  a n y  p a r t  of the  body , a n d  th e  n e t  flow  

of the  r e l e v a n t  m a t e r i a l  in to  the  body. T h e  r a t io  of a n y  q u a n t i ty

to i t s  flow  h a s  th e  d im e n s io n  of tim e.

T h u s :

W
W /T

W h e re  W = Q u an ti ty

T = T im e

a n d W /T  = F lo w



T h e  t i m e  fo u n d  by d i v i d i n g  t h e  q u a n t i t y  o f  m a t e r i a l  i n  a n y  

p a r t  of  t h e  b o d y  b y  th e  f lo w  o f  t h a t  m a t e r i a l  e i t h e r  e n t e r i n g  t h e  

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

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



MATERIALS AND METHODS

(a) M ice

F o u r  i n b r e d  s t r a i n s  of m ic e ;  N Z B , B A L B /c ,  CBA an d  

C3Hf; a n d  the  N ZB  x  NZW F I  (B W F^) h y b r id  w e r e  u s e d  fo r  th e  

s tudy , w h ich  in c lu d e d  s ix  m a le s  a n d  s ix  f e m a le s  of e a c h  s t r a i n ,  

a l l  be ing  a g e d  b e tw e e n  s ix  a n d  e ig h t  w e e k s .

(b) E n v i ro n m e n t  an d  d ie t

A n im a ls  w e r e  h o u s e d  in  a  c o n s ta n t  t e m p e r a t u r e  e n c lo s u r e

/  °  \  . -( 1 8 - 2 0  C) f o r  th e  d u r a t io n  of th e  s tudy . F o r  t h r e e  d ay s  p r i o r

to the  o n s e t  a n d  th ro u g h o u t  th e  d u r a t io n  of th e  e x p e r im e n t ,  m ic e

w e r e  fed  a  t h y r o x i n e - f r e e  d ie t ,  GR 31 (214). W a te r  w a s  su p p l ie d

a d  l ib i tu m .

(c) R a d io th y ro x in e  

125
I - th y r o x in e  ( R a d io - C h e m ic a l  C e n t r e ,  A m e r s h a m )  w ith  

a  s p ec if ic  a c t iv i ty  of 20 -50  m C i / m g .  w a s  u s e d .  B e fo re  u s e ,  a  

s a m p le  of the  t r a c e r  w a s  m ix e d  w ith  c a r r i e r  th y ro x in e  an d  so d iu m  

iod ide  a n d  s u b je c te d  to  t h i n - l a y e r  c h r o m a to g r a p h y  on s i l i c a  g e l  

(M N -G H R); u s in g  m e th a n o l ,  c h lo r o f o r m  a n d  0. 88  a m m o n ia  

(25 :35 :2 . 5, v / v / v ) .  T h e  p o s i t io n  of the  th y ro x in e  sp o t  w as  

d e te r m in e d  by s p ra y in g  th e  T L C  p la te  w ith  n in h y d r in ,  w h i ls t  io d id e  

w as  lo c a te d  by  s p ra y in g  w ith  0. 5% p a l la d iu m  c h lo r id e  so lu t io n .

The r e l a t iv e  a m o u n ts  of T4- a n d  io d id e  w e r e  th e n  d e t e r m in e d  by 

s c r a p in g  the  s p o ts  in to  g la s s  tu b e s  a n d  co u n tin g  th e  r a d io a c t iv i ty  in



a  w ell  g a m m a - c o u n te r  (N u c le a r  C h ic ag o ) .  I so to p e  c o n ta in in g  

m o r e  th an  5% f r e e  io d id e  w as  no t u s e d .

(d) P r o c e d u r e ;  t h e o r e t i c a l  c o n s id e r a t io n s

T he  s ta n d a rd  m e th o d  f o r  o b ta in in g  th y ro x in e  s e c r e t i o n  r a t e  

(T4SR) is  to  a d m i n i s t e r  r a d io a c t iv e ly  l a b e l l e d  th y ro x in e  ( r a d io  T4) 

a n d  su b se q u e n t ly  e s t im a te  th e  a m o u n t  of r a d io a c t iv i ty  in  s e r i a l  

p l a s m a  s a m p le s .  T4SR i s  s im p ly  e s t i m a t e d  by d iv id in g  the  

h o rm o n e  c o n c e n t r a t io n  by th e  a r e a  u n d e r  th e  c u r v e  of p la s m a  a c t iv i ty  

a g a in s t  t im e (o ccu p an cy )  w hen  th e  a c t i v i ty  i s  e x p r e s s e d  a s  a  f r a c t i o n  

of the  d o se  (215). S ince  th e  d i s a p p e a r a n c e  of r a d io  T 4  f r o m  the

p la s m a  o c c u r s  m o n o -e x p o n e n t ia l ly ,  th e  a r e a  u n d e r  th e  c u rv e  c an  

be c a lc u la te d  by the  s im p le  r e g r e s s i o n  m e th o d  of d iv id in g  the  

e x t r a p o la te d  z e r o - t i m e  a c t iv i ty  by  the  f r a c t i o n a l  d i s a p p e a r a n c e  r a t e .  

H o w ev e r ,  G il le sp ie  e t a l .  (216) h a v e  a r g u e d  th a t  an  a l t e r n a t i v e  

a p p r o a c h  is  v a l id .  T h e y  show ed  th a t  w h en  m u l t ip le  d o s e s  of 

t r a c e r  h o rm o n e  a r e  a d m i n i s t e r e d  o v e r  s e v e r a l  d a y s ,  th e  t o ta l  

a c t iv i ty  r e m a in in g  in  a n y  o rg a n  e x p r e s s e d  a s  a  f r a c t i o n  of the  

a v e r a g e  d a ily  d o se ,  i s  e q u iv a le n t  to  th e  to t a l  a r e a  u n d e r  th e  a c t i v i t y ­

t im e  c u rv e  fo llow ing a  s in g le  t r a c e r  h o r m o n e  in je c t io n .  T h is  

p r o c e d u r e  has  s in ce  b e en  v a l id a te d  in  m a n y  e x p e r im e n t a l  s i tu a t io n s  

(217) an d  h a s  b e en  u s e d  in  th is  s tudy .

( e ) E x p e r im e n ta l  p r o c e d u r e

125
E a c h  in je c t io n  of I - T 4  w a s  g iv en  in  a  f in a l  v o lu m e  of 

0. 5 m l.  u s in g  p h y s io lo g ic a l  s a l in e  a s  d i lu e n t .  T he  d o sa g e  an d



t im in g  of “I - T 4  a d m i n i s t r a t i o n  i s  show n in  th e  sch e d u le  below :

D a y T im e D o se  of 125t m . 
I - T 4

l 4 .0 0 P- m . 0 .1 u C i

2 4 .0 0 P* m . 0 .1 n

3 4 .0 0 P- m . 0 .1 ii

4 4 .0 0 P- m . 0. 133 it

5 1 0 . 0 0 a . m . 0 .0 1 6 7 ti

2 . 0 0 P- m . 0 .0 1 6 7 it

4 .0 0 P- m . A n im a ls  k i l le d

A ll  a c t i v i t i e s  w e r e  e x t r a p o la t e d  to  z e r o - t i m e  a n d  s t a n d a r d  so lu t io n s

p r e p a r e d  a s  d e s c r ib e d  by  H a r la n d  & O r r  (215), A t 4 ,0 0  p . m .  on

the  f in a l  day th e  a n im a ls  w e r e  w e ig h ed , a n d  th e n  20 u l.  o f b lood  w as

w ith d ra w n  f r o m  the  r e t r o - o r b i t a l  v en o u s  p le x u s  in to  g la s s  c a p i l l a r y

tu b e s  (D ru m m o n d  M ic r o c a p s  Shandon  L t d . ) .  T he  b lood  w a s

ly s e d  in  1 m l.  of 0. 1% so d iu m  c a r b o n a te  so lu t io n .  T he  a n im a l s

w e r e  nex t e x sa n g u in a te d  u n d e r  e t h e r  a n a e s t h e s i a .  T he  l i v e r ,

s p le e n ,  in te s t in e s  in c lu d in g  c o n te n ts ,  k id n e y s ,  th y m u s  a n d  h e a r t

w e r e  re m o v e d .  T he  a m o u n t  of r a d io a c t i v i ty  in  e a c h  o rg a n  a n d  in

th e  20 p i .  b lood s a m p le  w a s  m e a s u r e d  a n d  e x p r e s s e d  a s  a  f r a c t io n

1 25
of the  co u n ts  in  0. 1 p C i  I - T 4 .

T he  a c t iv i ty  of p l a s m a  co u ld  no t be d e t e r m in e d  d i r e c t l y  due 

to  the  s m a l l  v o lu m e  (20 p i )  of b lood  s a m p le .  I h av e  found in  a 

l a r g e  n u m b e r  of m ic e  of v a r io u s  s t r a i n s  th a t  th e  h a e m a t o c r i t  in  

h e a l th  r a n g e s  b e tw ee n  47 a n d  53%, a n d  th a t  l e s s  th a n  6% of th e
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to ta l  b lood  T 4  r a d io a c t iv i ty  i s  lo c a t e d  in  th e  p a c k e d  c e l l  f r a c t io n  

of h a e m a t o c r i t  tu b e s .  In  the  p r e s e n t  in s t a n c e ,  t h e r e f o r e ,  an  

a p p ro x im a te  e s t im a t io n  of p l a s m a  a c t iv i ty  w a s  d e r iv e d  by  

m u lt ip ly in g  th e  w ho le  b lo o d  a c t iv i ty  b y  two.

T he  p l a s m a  s a m p le s  w e r e  p o o le d  f o r  e a c h  s t r a i n  of m ic e  

an d  p r o te in  bound  io d in e  (PBI) c o n c e n t r a t io n s  d e t e r m in e d  by  the  

T e c h n ico n  a u to a n a ly s e r  m e th o d  (218). P l a s m a  T 4  c o n c e n t r a t io n s  

(p.g/100 m l)  w e r e  o b ta in e d  by  m u l t ip ly in g  th e  P B I  c o n c e n t r a t io n s  

by  1. 53, a s  io d in e  c o n t r ib u te s  ^ / l .  53 of th e  m a s s  of a  th y ro x in e  

m o le c u le .

T h e  T4SR v a lu e s  w e r e  th e n  c a lc u la te d  b y  d iv id in g  the  T 4  

c o n c e n tra t io n  b y  th e  p l a s m a  a c t iv i ty .  T h y ro x in e  c o n te n t  of the  

v a r io u s  o r g a n s  w e r e  c a lc u la te d  u s in g  th e  e q u a t io n : -

T i s s u e  T 4  = T4SR x  T i s s u e  A c t iv i ty  (O ccupancy ) .

(f) S ta t i s t i c a l  a n a ly s i s  of r e s u l t s  f o r  s e x  d i f f e r e n c e s  w ith in  e ac h  

s t r a in  an d  f o r  i n t e r s t r a i n  d i f f e r e n c e s  w a s  m a d e  b y  S tu d e n t , s " t"  

t e s t  f o r  u n p a i r e d  v a r i a b l e s .
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R ESULTS

T h e  m e a n  v a lu e s  f o r  to ta l  body w e ig h t ,  o r g a n  w e ig h ts  a n d  

P B I  in  th e  s t r a in s  of m ic e  s tu d ie d  a r e  show n in  T a b le  27. It 

c a n  be s e e n  th a t  t h e r e  a r e  m a r k e d  i n t e r s t r a i n  d i f f e r e n c e s  in  P B I  

c o n c e n t r a t io n s ,  CBA m ic e  h av in g  th e  h ig h e s t  (6 .0  p.g/100 m l) an d  

N Z B  the  lo w e s t  (2. 2 j a g /100 m l) .  T h e  P B I  le v e l s  r e p r e s e n t  the  

v a lu e s  f o r  the  p o o led  s e r a  f r o m  e a c h  of t h e s e  g ro u p s  of m ic e .

In p re v io u s  c o l la b o ra t iv e  w o rk  (u n p u b lish ed )  I h av e  found  l i t t l e  

i n t r a - s t r a i n  v a r i a t i o n  in  th e  P B I  v a lu e s  b e tw e e n  th e  s t r a i n s  of 

m ic e  s tu d ie d  an d  b e tw ee n  th e  s e x e s  w ith in  e a c h  s t r a i n .

T a b le  28 show s th e  m e a n  th y ro x in e  s e c r e t i o n  r a t e  p e r  g. body 

w e ig h t /d a y ,  a n d  the  m e a n  th y ro x in e  c o n te n t /g .  of t i s s u e  f o r  th e  

v a r io u s  o r g a n s .  T he  s t a t i s t i c a l  s ig n i f ic a n c e  of th e  i n t e r s t r a i n  

d i f f e r e n c e s  f o r  th e s e  v a lu e s  a r e  show n in  T a b le  29. T h r e e  

s t r a i n s  w e r e  found to  h a v e  s ig n if ic a n t  s e x  d i f f e r e n c e s  in  T4SR  w h ich  

w a s  m o s t  m a r k e d  fo r  B A L B /c  m ic e  (p  = 0 .0 0 4 ) .  N e i th e r  N ZB 

n o r  BW F^ m ic e  show ed  a  s ig n if ic a n t  s e x  d i f f e r e n c e  in  T4SR.

M ale  m ic e  of a l l  s t r a i n s  w e r e  found to  h av e  h ig h e r  k id n e y  T4 

c o n c e n t r a t io n s  th an  f e m a le s ,  bu t o th e r w is e  t h e r e  w e r e  on ly  

o c c a s io n a l  s e x  d i f f e r e n c e s  in  T 4  c o n c e n t r a t io n s  of th e  o th e r  o r g a n s .



DISCUSSION

A lthough  fo r  m a n y  p u r p o s e s  m ic e  p ro v id e  e x c e l le n t  

e x p e r im e n ta l  m o d e ls ,  th y ro x in e  m e ta b o l i s m  h a s  b e en  l i t t l e  s tu d ie d  

b e c a u s e  of t e c h n ic a l  d i f f ic u l t ie s  r e l a t e d  to t h e i r  s m a l l  s iz e .

O th e r  w o r k e r s  have  u s e d  i n d i r e c t  te c h n iq u e s  an d  h av e  r e q u i r e d  

to  give g ra d e d  d o s e s  of ex o g en o u s  th y ro x in e  in  o r d e r  to  p r e v e n t  

p r o p y l - th io u r a c i l  g o i t r e  f o r m a t i o n  (182) o r  to  s u p p r e s s  t h y r o id a l  

r a d io - io d in e  r e l e a s e  (183). M o re  r e c e n t l y  W ills  & S c h in d le r  

(209) em p lo y ed  a  m e th o d  in v o lv in g  the  t u r n o v e r  of r a d io th y ro x in e .  

T h e  m e th o d  e m p lo y e d  in  th e  p r e s e n t  s tu d y  p r o v id e s  a  d i r e c t  e s t i m a te  

of T4SR b a se d  on ra d io th y ro x in e  tu r n o v e r ,  a n d  a l s o  m e a s u r e s  the  

th y ro x in e  con ten t of v a r io u s  o r g a n s .

L ike  o th e r  w o r k e r s  (1 8 2 -1 8 4 ) ,  I h av e  d e m o n s t r a t e d  m a r k e d  

s t r a i n  d i f f e r e n c e s  in  th y ro x in e  s e c r e t i o n  r a t e s .  H o w e v e r  in  

c o n t r a s t  to the  f in d in g s  of M en d o za  e t  a l . (182) CBA m ic e  w e r e  

found to have  the  h ig h e s t  T4SR. M ice  of th is  s t r a i n  a r e  w e l l  

know n to  d e m o n s t r a t e  an  e x c e s s iv e  d e g r e e  of p h y s ic a l  a c t i v i ty .

On the  o th e r  hand , m ic e  of th e  C3H f s t r a i n  w h ich  a l s o  e x h ib i t  

e x c e s s iv e  a c t iv i ty  w e r e  found  to  h av e  a  c o m p a r a t i v e ly  low  T4SR. 

T h u s  we canno t s u p p o r t  th e  g e n e r a l  c o n c lu s io n  of M en d o za  e t  a l .

(182) th a t  m ic e  w ith  a c t iv e  b e h a v io u r a l  p a t t e r n s  h av e  lo w e r  thyroid , 

s e c r e t i o n  r a t e s  th a n  th o s e  of m o r e  p la c id  s t r a i n s .

M y i n t e r e s t  in  th e  th y r o id  s e c r e t i o n  r a t e s  in  d i f f e r e n t  s t r a i n s  

of m ic e  a r o s e  f r o m  the  o b s e r v a t io n  th a t  a d m i n i s t r a t i o n  of



T A B L E  30

A c o m p a r i s o n  b e tw ee n  the  r a t e s  of BGG c a ta b o l i s m  
and  th y ro x in e  s e c r e t i o n  r a t e s  in  5 s t r a i n s  of m ic e

M ouse
S t r a in

R a n k  R e g a rd in g  
R a te  of BGG 
c a ta b o l i s m

R an k  R e g a rd in g  
T4SR

N ZB 1 5

B W F j 2 3

B A L B /c 3 2

C3Hf 4 4

CBA 5 1



p h a r m a c o lo g ic a l  d o s e s  of T4 to m ic e  a c c e l e r a t e s  th e  c a ta b o l i s m  

of a  so lu b le  p r o t e in  a n t ig e n ,  bo v in e  g a m m a  g lo b u lin  (181). A 

s tudy  of bov ine  g a m m a  g lo b u lin  c a t a b o l i s m  in  t h e s e  f ive  s t r a i n s  

of m ic e  w as  u n d e r ta k e n  to in v e s t ig a te  th e  r o le  of a n t ig e n  c a ta b o l i s m  

in  the  d e v e lo p m e n t  of a u to im m u n e  d i s e a s e  o f  N Z B  a n d  BW F^ m ic e  

(c h a p te r  5). R a p id  r a t e s  of a n t ig e n  c a t a b o l i s m  w e r e  found in  

NZB a n d  BWF^ m ic e  w h e r e a s  CBA m ic e  h a d  th e  s lo w e s t  r a t e .

T he  r e s u l t s  of th e  p r e s e n t  s tu d y  show  no o b v ious  r e l a t io n s h ip  of 

r a t e s  of a n t ig e n  c a t a b o l i s m  to  e i t h e r  th y ro x in e  s e c r e t i o n  r a t e s  o r  

th y ro x in e  c o n ten t  of v a r io u s  o r g a n s ,  in  t h e s e  s t r a i n s  of m ic e  

(T ab le  30).

U sing  th i s  te ch n iq u e  f o r  e s t im a t in g  T 4S R , i t  sh o u ld  be p o s s ib le  

to  in v e s t ig a te  th e  g e n e tic  c o n t r o l  of th y ro x ih e  s e c r e t i o n  in  m ic e  by 

c r o s s - b r e e d i n g  e x p e r im e n t s .



CH APTER 8.

C L E A R A N C E  O F  DEO X Y RIBO NU CLEIC  ACID 

FR O M  BLOOD IN NEW ZEA LA N D  M ICE
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INTRODUCTION

New Z e a la n d  B la c k  (NZB) m ic e  s p o n ta n e o u s ly  d e v e lo p  a u t o ­

im m u n e  h a e m o ly t ic  a n a e m ia  (77). W hen c r o s s e d  w ith  N ew  

Z e a la n d  W hite  (NZW) m ic e ,  the  N ZB  x  NZW F I  (B W F ) h y b r id  

p ro g e n y  d ev e lo p  lu p u s - l ik e  g lo m e r u lo n e p h r i t i s  (77, 78, 80) a n d  

th i s  i s  a s s o c i a t e d  w ith  the  a p p e a r a n c e  in  t h e i r  s e r u m  of a u to ­

a n t ib o d ie s  to  DNA (81). A s  a n t ib o d ie s  to  DNA a r e  r a r e  in  o th e r  

s t r a i n s  of m ic e  (81) i t  s e e m s  p o s s ib le  th a t  BW F^ m ic e  h av e  a n  

in b o rn  e r r o r  of DNA c a ta b o l i s m .  T h is  c h a p te r  d e s c r i b e s  a n  

in v e s t ig a t io n  in to  th is  h y p o th e s i s  by  s tu d y in g  th e  r a t e  an d  m e c h a n i s m  

of DNA c l e a r a n c e  a f t e r  i t s  in t r a v e n o u s  a d m i n i s t r a t i o n  in  f ive  s t r a i n s  of 

m ic e .



MATERIALS AND METHODS

(i) M ice . M ice  f r o m  the  in b re d  s t r a i n s  N Z B , CBA , B A L B /c ,  

and  C3Hf, an d  BWF^ h y b r id  s to ck ,  w e r e  a g e d  6 -8  w e e k s  a t  th e  t im e  

of the  e x p e r im e n t s .  A t  th is  a g e ,  BW F^ m ic e  do no t h a v e  a n t i -  

DNA a n t ib o d ie s  in  t h e i r  s e r a  (81) an d  th u s  f o r m a t io n  of DNA - a n t i -  

DNA c o m p le x e s  w ith  c o n se q u e n t  i n c r e a s e d  c l e a r a n c e  r a t e s  of DNA 

c an  be ex c lu d ed . T he  n o r m a l  a p p e a r a n c e  of th e  k id n e y s  in  m ic e  

of th is  ag e  (80) s t ro n g ly  s u p p o r ts  th is  c o n c lu s io n .

32(ii) D eo x y rib o n u c le ic  a c id .  R a d io a c t iv e  la b e l le d  E . c o l i  ( P) 

DNA (in c lu d ed  below  a s  DNA) w as  g e n e r o u s ly  d o n a ted  by P r o f e s s o r  

M. S m e ll ie  an d  D r .  J .  M o r r i s o n .  T h is  p r e p a r a t i o n  p o s s e s s e d  a  

sp ec if ic  a c t iv i ty  of 100 ,0 0 0  d. p. m . /u g  a n d  m o r e  th a n  99% of th e  

r a d io a c t iv i ty  w as  a c id - p r e c ip i t a b l e ,  show ing  th a t  the  DNA w a s  h igh  

in  m o le c u la r  w e igh t.

(ii i)  DNA c le a r a n c e  r a t e s .  E a c h  m o u s e  r e c e iv e d  5 p.g of*&NA in
\

0. 1 m l  p h o s p h a te -b u f fe r e d  sa l in e  by t a i l - v e i n  in je c t io n .  A t 

i n te r v a l s  of 3, 6, 9, 12, 15 an d  18 m in u te s  fo l low ing  in je c t io n ,

20 j il  of b lood  w a s  w i th d ra w n  in to  s t a n d a r d  h e p a r i n i s e d  c a p i l l a r y  

tu b e s  (D ru m m o n d  M ic r o c a p s ,  Shandon L td . )  by p u n c tu re  of the  

r e t r o - o r b i t a l  ven o u s  p le x u s .  E a c h  b lood  s a m p le  w a s  ly s e d  in  

0. 2 m l  of 0. 1% so d iu m  c a r b o n a te ,  d e c o lo r i s e d  by  the  a d d i t io n  of

0. 1 m l  h y d ro g e n  p e ro x id e  (30% w /v ;  B r i t i s h  D ru g  H o u ses )  an d  so l id  

m a t e r i a l  w as  d iso lv e d  by ad d in g  0. 1 m l  h y a m in e  h y d ro x id e  (N u c le a r  

E n t e r p r i s e s )  and  in c u b a te d  fo r  16 h o u r s  a t  5 6°C . T e n  m l .o f



s c in t i l l a t io n  f lu id  (NE 250, N u c le a r  E n t e r p r i s e s )  w e r e  a d d ed  to  e a c h  

of th e  s a m p le s  w hich  w e r e  th en  co u n ted  in  a  P a c k a r d  T r i c a r b  l iq u id  

s c in t i l l a t io n  c o u n te r .  C o u n ts  w e r e  c o r r e c t e d  f o r  s e l f - a b s o r p t io n  

a n d  th en  p lo t te d  s e m i - lo g a r i t h m ic a l ly  a g a i n s t  t im e .  F r o m  the  

s e m i - l o g a r i t h m i c  p lo t ,  it w as  found th a t  DNA w a s  c l e a r e d  f r o m  the  

b lood  in a  m o n o -e x p o n e n t ia l  p a t t e r n  o v e r  th e  t im e  of th e  e x p e r im e n t .  

T h e  T ^  v a lu e s  fo r  DNA c le a r a n c e  w e r e  d e r i v e d  f r o m  th e  p lo t .

(iv) O rg a n  d is t r ib u t io n  of DNA. A f te r  th e  l a s t  b lood  s a m p le  w a s  

o b ta in e d ,  th e  m ic e  w e r e  k i l le d  by c e r v i c a l  d i s lo c a t io n  a n d  w e ig h ed . 

L i v e r ,  sp lee n ,  k id n e y s ,  th y m u s  an d  th e  c h a in  of m e s e n t e r i c  ly m p h  

n o d e s  w e r e  d i s s e c t e d  out an d  w e ig h ed . A  w e ig h ed  p o r t io n  of e a c h  

o rg a n ,  u s u a l ly  30-50 m g . , w as  d i s s o lv e d  b y  in c u b a t in g  fo r  16 h o u r s  

a t  56 C in  0. 5 m l  of so lu en e  ( P a c k a r d  L t d . ). T e n  m l  of to lu e n e -  

b a s e d  s c in t i l l a t io n  f lu id  (one l i t r e  of to lu e n e ,  c o n ta in in g  5 g. o f 2, 

5 -d ip h e n y lo x a z o le  (N u c le a r  E n t e r p r i s e s  L t d . )  a n d  0. 4 g. o f 1, 4 -  

b i s - ( 2  - ( 4 -m e th y l-5 p h en y lo x a z o ly l) )  - b e n z e n e  ( P a c k a r d  L t d . )  w e r e  

a d d e d  to e a c h  of the  s a m p le s ,  w h ich  w e r e  th e n  co u n ted  a s  a b o v e .

T h e  p e r c e n ta g e  of the  a d m i n i s t e r e d  r a d io a c t iv i ty  r e m a in in g  in  e a c h  

o r g a n  w as  th e n  c a lc u la te d  a f t e r  c o r r e c t i n g  f o r  s e l f - a b s o r p t i o n  a n d  

a l lo w in g  f o r  to ta l  o rg a n  w e igh t.

(v) M e c h a n ism  of DNA re m o v a l  f r o m  b lo o d . To a s s e s s  th e  ro le  

of n u c le a s e  a c t iv i ty  in r e m o v a l  of DNA f r o m  b lood , the  fo llow ing  

p r o c e d u r e  w as  em p lo y ed . F o u r  f e m a le  B A L B /c  a n d  fo u r  f e m a le  

BWF^ m ic e  w e r e  g iven  in t r a v e n o u s ly  5 j i g  o f DNA. Two 20 jil 

b lood  s a m p le s  w e r e  ta k en  a t  5, 10 an d  15 m in u te s  a f t e r  in je c t io n ,
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a b s o r b e d  onto W h a tm an  No. 1 f i l t e r  p a p e r s  an d  d r i e d .  O ne of 

e a c h  of th e  p a i r e d  s a m p le s  w as  th en  w a s h e d  tw ic e  in  5% t r i c h l o r ­

a c e t i c  a c id  a t  4 °C , tw ic e  in  a b s o lu te  a lc o h o l ,  tw ic e  in  e t h e r ,  an d  

d r i e d  (220). T h e  s e c o n d  s a m p le  w a s  s im p ly  d r i e d ,  th u s  a l lo w in g  

th e  to ta l  a m o u n t  of r a d io a c t iv i ty  of e a c h  s a m p le  to be  d e te r m in e d ,  

w h e r e a s  the  f i r s t  s a m p le  gave the  a c id  p r e c i p i t a b l e  c o u n ts ,  w hich  

r e p r e s e n t e d  u n d e g ra d e d  DNA. T e n  m l  of t o lu e n e - b a s e d  

s c in t i l la t io n  f lu id  w as  th en  add ed  to  a l l  s a m p l e s  a n d  th e  r a d i o ­

a c t iv i ty  w as  cou n ted . The T-| v a lu e s  w e r e  d e t e r m in e d  a s  b e fo re  

e x c e p t  th a t  c o r r e c t i o n  f o r  s e l f - a b s o r p t io n  w as  n o t  a p p l ie d  in  v iew  

of the  c o m p a r a b le  n a t u r e  of e ach  of th e  p a i r e d  s a m p l e s .

To a s s e s s  th e  r o le  of p h a g o c y to s is  in  r e m o v a l  of DNA f r o m  

th e  blocjd, r e t i c u lo e n d o th e l i a l  d e p r e s s io n  w a s  in d u c e d  b y  th e  i n t r a ­

v en o u s  in je c t io n  of 20 m g  e m u ls i f ie d  e th y l  s t e a r a t e  24 h o u r s  p r i o r  

to  DNA* a d m in i s t r a t io n  (221). T he  r a t e  of DNA* c l e a r a n c e  w as  

th e n  s tu d ie d  in  fo u r  f e m a le  N ZB an d  fo u r  f e m a le  B A L B /c  m ic e .

D e o x y r ib o n u c le a s e  (D N A -ase) a c t i v i ty  in  th e  m a c r o p h a g e s  in  

s e c t io n s  of s n a p - f r o z e n  l i v e r s  an d  s p le e n s  o f  a l l  a n im a l s  w a s  a l s o  

a s s e s s e d  us in g  the  h i s to c h e m ic a l  te c h n iq u e  of Y o r b r o d t  (222).

A l l  t i s s u e  s e c t io n s  w e r e  p r o c e s s e d  s im u l ta n e o u s ly .

S e c t io n s  of l i v e r  a n d  sp lee n  w e r e  c o a te d  w ith  p h o to g ra p h ic  

e m u ls io n  ( I lfo rd  K5) a n d  s to r e d  a t  4°C f o r  1 -4  w e e k s .  A f t e r  

d e v e lo p m e n t  an d  f ix a t io n  of the  p h o to g ra p h ic  e m u ls io n ,  th e  s e c t io n s  

w e r e  s ta in e d  w ith  m e th y l - g r e e n  p y ro n in .  T h e  d i s t r ib u t io n  of 

r a d io a c t iv i ty  w ith in  th e  t i s s u e s  w as  o b s e r v e d  m ic r o s c o p i c a l l y .
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RESULTS

By p lo t t in g  the  b lood  c le a r a n c e  r a t e s  s e m i - l o g a r i t h m i c a l l y ,

DNA w as  found to be c l e a r e d  f r o m  the  b lo o d  in  a  m o n o - e x p o n e n t ia l  

p a t t e r n  o v e r  the  d u ra t io n  of the  e x p e r im e n t .  T he  c l e a r a n c e  r a t e s  

( T |  v a lu es )  and  p e r c e n ta g e  lo c a l i s a t io n  in  l i v e r  a n d  s p le e n  of in j e c te d  

DNA in  th e  s t r a i n s  of m ic e  s tu d ied  i s  show n in  T a b le  31. T he  

m e a n  T \  v a lu e s  ra n g e d  c lo s e ly  b e tw een  5. 3 a n d  5. 8 m in u te s  e x c e p t  

in  NZB m ic e  ( m e a n T |  = 7. 5 m in u te s ) .  U s in g  S tu d e n t 's  " t "  t e s t  

the  p la s m a  DNA h a l f - l i f e  in  NZB m ic e  w a s  found to  be s ig n i f ic a n t ly  

lo n g e r  th an  in  B W F 1 (t = 4. 3764, p = 0 .0 0 0 4 5 ) ,  B A L B /c  (t = 5 .7 4 3 8 ,  

p = 0 .0 0 0 0 3 ) ,  an d  C3Hf m ic e  (t = 2. 5980, p = 0 .0 1 1 0 4 ) .  C o m p a r i s o n s  

u s in g  the da ta  on CBA m ic e  w e re  not u s e d  in  v iew  of th e  s m a l l  n u m b e r  

s tu d ied .  B e tw een  78. 2 a n d  87. 4% of a d m i n i s t e r e d  DNA w as  

lo c a l i s e d  in  l i v e r  an d  sp le e n .  T h y m u s  a n d  m e s e n t e r i c  ly m p h  n o d es  

c o n ta in ed  l e s s  th a n  0 .1%  w h ile  k id n ey s  a c c o u n te d  f o r  up  to  3% of DNA. 

T h e r e  w as  no p r e f e r e n t i a l  DNA lo c a l i s a t io n  in  k id n e y s  of N ZB  o r  

B W F j m ic e  a s  c o m p a r e d  to the  o th e r  s t r a i n s .  No r e l a t i o n s h ip  w a s  

found be tw een  T j  v a lu e s  a n d  to ta l  body, l i v e r ,  o r  s p le e n  w e ig h ts .  

H is to c h e m ic a l ly ,  t h e r e  w as  no obvious  d i f f e r e n c e  in  th e  c o n te n t  of 

D N A -a se  in  the  f ix ed  m a c r o p h a g e s  of l i v e r s  a n d  s p le e n s  b e tw e e n  the  

f ive  s t r a in s  of m ic e  s tu d ie d ,  a lth o u g h  i t  m u s t  be  a d m i t t e d  th a t  the  

te ch n iq u e  u s e d  is  l i t t l e  m o r e  th an  q u a l i ta t iv e .

The DNA in  b lood of B A L B /c  and  BW F^ m ic e  a t  5, 10 a n d  15 

m in u te s  a f t e r  a d m in i s t r a t i o n  w as  a lm o s t  100% a c id  p r e c ip i t a b l e .



T A B L E  32 E f fe c t  of e th y l  s t e a r a t e  a d m i n i s t r a t i o n  on 
the  r a t e  of DNA c l e a r a n c e

S t r a in
of

M ouse

DNA c l e a r a n c e  m e a n  (m in u te s )

U n t r e a te d A f te r  E th y l  
S te a r a te

NZB 7. 5 1 3 .4

B A L B /c 5. 3 1 4 .7



T h is  in d ic a te s  th a t  the  DNA re m a in in g  in  b lo o d  a t  th e s e  t i m e s  w as  of 

h igh  m o le c u la r  w e igh t,  and  h ad  p ro b a b ly  no t b e e n  s ig n if ic a n t ly  

d e g ra d e d  by s e r u m  n u c le a s e  a c t i v i ty  (220), a l th o u g h  th e  te c h n iq u e  

is  r e l a t iv e ly  in s e n s i t iv e  c o m p a r e d  w ith  d i r e c t  e s t im a t io n s  of 

n u c le a s e  a c t iv i ty .

A d m in i s t r a t io n  of e th y l  s t e a r a t e  to  th e  m ic e  p r i o r  to  in je c t io n  

of la b e l le d  DNA c a u s e d  a s h a r p  r e d u c t io n  in  the . r a t e  of DNA c l e a r a n c e  

in  B A L B /c  an d  N ZB m ic e ,  a s  in d ic a te d  by th e  p ro lo n g a t io n  of t h e i r  

r e s p e c t iv e  T-| v a lu e s  (T a b le  32). T h e r e  w a s  no s ig n if ic a n t  

d i f f e r e n c e  in  the  T-| v a lu e s  a f t e r  e th y l  s t e a r a t e .

A u to ra d io g ra p h ic  e x a m in a t io n  of t i s s u e  s e c t io n s  show ed  the  

r a d io a c t iv i ty  to  be lo c a l i s e d  in  th e  K u p ffe r  c e l l s  of th e  l i v e r ,  a n d
t

m a in ly  in  the  p e r i f o l l i c u l a r  zo n e ,  bu t a l s o  th e  r e d  pu lp , of th e  sp le e n .



DISCUSSION

A lthough  NZB m ic e  have  the  lo n g e s t  Tjr v a lu e s  of the  f ive  

s t r a i n s  s tu d ied ,  i t  i s  u n l ik e ly  th a t  s low  DNA c l e a r a n c e  is  r e l a t e d  

to p ro d u c t io n  of a n t ib o d ie s  to DNA in  th i s  s t r a i n ,  a s  BW F^ m ic e ,  

w h ich  a lm o s t  u n iv e r s a l l y  d eve lop  th e s e  a n t ib o d ie s ,  have  s h o r t e r  

T j  v a lu e s ,  s i m i l a r  to  th o s e  in  th e  c o n t r o l  s t r a i n s .  T he  s low  

DNA c le a r a n c e  in  N ZB m ic e  is  not r e l a t e d  to i n t e r s t r a i n  d i f f e r e n c e s  

in  l i v e r  and  sp le e n  w e ig h ts ,  w hich  w e r e  s i m i l a r  in  the  s t r a i n s  of 

m ic e  u s e d  in  th i s  s tudy , c o n t r a r y  to m y  f in d in g s  d e s c r ib e d  in  

c h a p te r  3 in  w h ich  the  s m a l l e r  l iv e r  a n d  s p le e n  w e ig h ts  w e r e  r e l a t e d  

to  s lo w e r  c a rb o n  c l e a r a n c e s .  T h e re  w a s  no e v id e n c e  of o b v ious  

D N A -a se  d e f ic ien c y  in  th e  f ixed  m a c r o p h a g e s  of l i v e r s  a n d  s p le e n s .  

H o w ev e r  the te ch n iq u e  f o r  D N A -ase  a c t iv i ty  e m p lo y e d  (222) is  no t 

q u a n t i ta t iv e ,  a n d  d e sp i te  th e  fa c t  th a t  a l l  t i s s u e s  w e r e  p r o c e s s e d  

s im u l ta n e o u s ly ,  c au t io n  m u s t  be e x e r c i s e d  in  i n t e r p r e t i n g  th e s e  

h i s to c h e m ic a l  d a ta .  T h a t  in t r a v e n o u s ly  a d m i n i s t e r e d  DNA a p p e a r s  

to  be p h a g o cy to se d  m a in ly  by the  f ix ed  m a c r o p h a g e s  of l i v e r  a n d  

s p le e n  is  shown by the  h igh  p e rc e n ta g e  of DNA c o n ta in e d  in  t h e s e  

o r g a n s  a t  the  end  of the  e x p e r im e n t .  T h is  c o n c lu s io n  i s  f u r t h e r  

s u p p o r te d  by the  m a r k e d ly  p ro lo n g e d  DNA c l e a r a n c e  r a t e s  fo llo w in g  

th e  a d m in i s t r a t io n  of e th y l  s t e a r a t e ,  w h ich  is  know n to  d e p r e s s  

re t i c u lo e n d o th e l i a l  fu n c tio n  (221), an d  th e  t i s s u e  d i s t r ib u t io n  of the  

in je c te d  DNA a s  shown by a u to ra d io g ra p h y .



S e r a  f r o m  p a t ie n ts  w ith  s y s te m ic  lu p u s  e r y th e m a t o s u s  h av e

b e en  show n to c o n ta in  c i r c u la t in g  in h ib i to r s  o f  D N A -a se ,  a n d  th is

m a y  be  o f  im p o r ta n c e  in  th e  p ro d u c t io n  of a u to - a n t ib o d ie s  to  DNA

in  th is  d i s e a s e  (223). S e ru m  D N A -a se  a c t i v i t i e s  h av e  no t b e e n

m e a s u r e d  d i r e c t ly  in  th is  s tudy , n e i th e r  h a v e  in h ib i to r s  of th is

e n z y m e  b e e n  sought. H o w ev e r ,  i t  s e e m s  h ig h ly  u n l ik e ly  th a t

e i t h e r  of t h e s e  f a c to r s  a r e  of r e le v a n c e  to  th e  p ro d u c t io n  of a n t i -

DNA a n t ib o d ie s  in  BWF^ m ic e ,  a s  v i r t u a l l y  a l l  th e  DNA in  th e  b lood

w as  found to  be a c id  p r e c ip i ta b le  in  B A L B /c  an d  BW F^ m ic e  up  to

15 m in u te s  a f t e r  in je c t io n .  It m ig h t  be  a r g u e d  th a t  DNA d e g r a d a t io n

p r o d u c ts  a r e  r e m o v e d  im m e d ia te ly  f r o m  th e  b lood , w h ich  w ou ld  a l s o

e x p la in  th e  l a t t e r  find ing . If so , one w ou ld  e x p e c t  su ch  DNA

»
d e g r a d a t io n  p ro d u c ts  to be lo c a te d  in  o rg a n s  of h ig h  m e ta b o l ic  a c t iv i ty .  

T he  th y m u s ,  w h ich  h a s  b e en  shown to  h av e  a  h igh tu r n o v e r  of c e l l s  

(224-226) w ould  th en  be e x p e c te d  to  c o n ta in  a  m u c h  g r e a t e r  p r o p o r t io n  

of th e  a d m i n i s t e r e d  r a d io a c t iv i ty  th a t  w as  found  in  th i s  e x p e r im e n t .

G o s s e  an d  h is  c o l le a g u e s  (227), who a l s o  s tu d ie d  th e  d e g r a d a t io n  

of DNA a d m i n i s t e r e d  in t r a v e n o u s ly  to  m ic e ,  s im ila r ly  found a  m o n o -  

e x p o n e n t ia l  c l e a r a n c e  of DNA f r o m  p la s m a  a l th o u g h  th e  p la s m a  

h a l f - l i f e  w a s  lo n g e r  in  t h e i r  e x p e r im e n t s .  T h e i r  r e s u l t s  d i f f e r  

f r o m  m in e  in  th a t  th ey  found th a t  the  c l e a r a n c e  of DNA f r o m  p l a s m a  

w as  m a in ly  d ep en d an t on n u c le a s e  a c t iv i ty ,  a n d  o b s e r v e d  th a t  th e  

p la s m a  DNA h a l f - l i f e  w as  c lo s e ly  r e l a t e d  to  th i s  n u c le a s e  a c t iv i ty .  

H o w ev e r  th e  two e x p e r im e n t s  a r e  not c o m p a r a b le  a s  G o ss e  e t  a l  (227)
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a d m i n i s t e r e d  m u c h  l a r g e r  d o s e s  of DNA to  t h e i r  m ic e  (200 j i g . ; 

cf. 5 jig. in  the  p r e s e n t  e x p e r im e n t s ) ,  w h ich  m a y  h a v e  t e m p o r a r i l y  

s a tu r a t e d  the  r e t i c u lo e n d o th e l i a l  s y s te m ,  th u s  s low ing  DNA c l e a r a n c e  

an d  p e r h a p s  a llow ing  s e r u m  n u c l e a s e  to  d e g ra d e  th e  DNA. A lthough  

the  a c id  p r e c ip i t a b i l i ty  of the  DNA w a s  u n a l t e r e d  d u r in g  th e  p e r io d  

of s a m p l in g  in  m y  e x p e r im e n t s ,  th e  p o s s i b i l i t y  of so m e  DNA d e g ra d a t io n  

by  n u c le a s e  canno t be  r u le d  out. H o w e v e r  th e  p r e s e n t  r e s u l t s  

in d ic a te  th a t  p h a g o c y to s is  i s  m o r e  i m p o r t a n t  in  th e  c l e a r a n c e  of DNA 

g iven  in  low  d o sa g e .  T h e  s lo w e r  c l e a r a n c e  of DNA in  N Z B  m ic e  

m ig h t  th u s  r e p r e s e n t  an  a b n o r m a l i ty  of p h a g o c y to s i s ,  a l th o u g h  the  

c l e a r a n c e  of c o l lo id a l  c a rb o n  i s  n o r m a l  in  t h e s e  m ic e  w hen  c o r r e c t e d  

f o r  body  w eigh t (228, c h a p te r  3), a n d  th e  in  v i t r o  p h a g o c y to s i s  of 

S ta p h y lo c o c cu s  a u r e u s  by  p e r i t o n e a l  m a c r o p h a g e s  i s  a l s o  n o r m a l  

(c h a p te r  4). So lub le  a n t ig e n s  su ch  a s  b o v in e  g a m m a  g lobu lin  an d  

bov ine  s e r u m  a lb u m in  an d  p o ly v in y lp y r ro l l id o n e  ( c h a p te r  5) h o w e v e r  

a p p e a r  to  be p h a g o c y to s e d  m o r e  r a p id ly  b y  th e  N ew  Z e a la n d  s t r a i n s  

o f  m ic e .  To  co n c lu d e  th a t  th e  s low  c l e a r a n c e  of DNA in  N Z B  m ic e  

i s  due to  a  p h a g o cy t ic  a b n o r m a l i t y  w ou ld  b e  h ig h ly  s p e c u la t iv e  a l th o u g h  

o th e r  e x p la n a t io n s  a r e  d if f icu l t  to  c o n c e iv e .  T h e  d a ta  p r e s e n t e d  in  

th is  c h a p te r  show  th a t  a b n o r m a l i t i e s  of DNA b re a k d o w n  a r e  p r o b a b ly  

no t  r e s p o n s ib le  f o r  the  p r o d u c t io n  of DNA a n t ib o d ie s  in  NZ m ic e .



F in a l  d i s c u s s io n  of P h a g o c y to s i s  in  N Z B  m ic e  a n d  so m e  
th o u g h ts  on t h e i r  f u r th e r  u se  in  l a b o r a t o r y  r e s e a r c h

T he  r e s u l t s  of th is  t h e s i s  show th a t  th e  p h a g o c y to s i s  of i n e r t  

p a r t i c u l a t e  m a t e r i a l  (co llo id a l  ca rb o n ) a n d  b a c t e r i a  (S tap h y lo co c cu s  

a u re u s )  a r e  n o r m a l  in  NZ m ic e ,  w h e r e a s  th e  p h a g o c y to s i s  of 

so lub le  a n t ig e n s ,  (BGG, BSA and  P V P )  i s  m o r e  r a p id  in  NZ th an  

o th e r  s t r a in s  of m ic e .  T he  d i s c r e p a n c y  b e tw e e n  th e  r a t e s  of 

p h a g o c y to s is  of p a r t i c u l a t e  and  so lu b le  a n t ig e n s  s u g g e s t s  th a t  

th e s e  two p r o c e s s e s  a r e  m e ta b o l ic a l ly  d i f f e r e n t .  In d eed , i t  

h a s  been  shown th a t  the  in g e s t io n  of p a r t i c u l a t e  m a t e r i a l  i s  

m a in ly  d ep en d en t upon g ly c o ly s is  (394, 395) w h e r e a s  p in o c y to s i s ,  

the  in g e s t io n  of so lub le  m a t e r i a l ,  a p p e a r s  to d e p en d  upon o x id a t iv e  . 

p h o sp h o ry la t io n  w ith  the  u l t im a te  p a r t i c ip a t io n  of a d e n o s in e  

5* - t r ip h o s p h a te  (395a). In  ad d itio n ,  th e  co n tin u in g  f o r m a t io n  

of p in o c y t ic  v e s i c l e s  i s  d ep en d en t upon n ew  p r o t e in  s y n th e s i s ,  

an d  s tu d ie s  w ith  a c t in o m y c in  D,. s u g g e s te d  th a t  DNA d i r e c t e d  

RNA s y n th e s is  w as  in v o lv ed  (395a).. S tu d ie s  of th e  d i f f e r e n t  

m e ta b o l ic  p r o c e s s e s  o c c u r r in g  w ith in  th e  m a c r o p h a g e s  of NZ 

m ic e  m a y  w e ll  r e v e a l  i n c r e a s e d  a c t iv i ty  in  o x id a t iv e  p h o s p h o ry la t io n  

r e la t iv e  to g ly c o ly s is .

T he  ro le  of i n c r e a s e d  n o n - im m u n e  e l im in a t io n  of so lu b le  

a n tig e n s  in  the  p ro d u c t io n  of the  e x a g g e r a te d  im m u n e  r e s p o n s e s ,  

r e s i s t a n c e  to t o le r a n c e  in d u c a t io n ,  and  th e  p a th o g e n e s i s  of 

a u to im m u n e  d i s e a s e  h a s  n o t  y e t  b e en  e s t a b l i s h e d .  C e r t a i n l y  

no  re la t io n s h ip  cou ld  be d e m o n s t r a t e d  b e tw e e n  th e  r a t e  of n o n -



im m u n e  a n t ig e n  e l im in a t io n  a n d  th e  h e ig h t  of the  s u b se q u e n t  

a n tib o d y  r e s p o n s e .  H o w ev e r ,  the  r a p id  n o n - im m u n e  e l im in a t io n  

o f  an t ig e n  by  NZ m ic e  cou ld  be  r e l e v a n t  to  th e  d if f icu l ty  in  

t o l e r a n c e  in d u c tio n  in  th e s e  m ic e ;  th e  r a p id  e l im in a t io n  of a n t ig e n  

b y  m a c r o p h a g e s  cou ld  re d u c e  to a  m in im u m  the  d i r e c t  c o n ta c t  

b e tw een  u n p r o c e s s e d  a n t ig e n  a n d  ly m p h o c y te ,  an d  th e r e b y  th e  r i s k  

of to l e r a n c e  in d u c t io n  (266). T h e  r a t e s  of n o n - im m u n e  e l im in a t io n  

of the  t h r e e  a n t ig e n s  BGG, BSA an d  P V P  d i f f e r e d  n o t  on ly  in  t h e i r  

o v e r a l l  r a n g e  (i. e. d ay s  f o r  BGG, h o u r s  f o r  BSA an d  P V P )  bu t  

a l s o  f o r  e ac h  an tig e n ,  the  r e la t io n s h ip  w as  n o t  c o n s ta n t  b e tw een  

d i f f e r e n t  m o u s e  s t r a i n s ,  (e. g. BWF m ic e  se c o n d  f a s t e s t  fo r  

BGG, s ix th  f o r  BSA an d  f i r s t  f o r  P V P ) .  T h u s  to e x t r a p o la t e  

f r o m  th e s e  r e s u l t s  to the  r o le  of a u to - a n t ig e n  e l im in a t io n  in  the  

p a th o g e n e s i s  of a u to im m u n e  d is e a se , '  w ould  be  h ig h ly  s p e c u la t iv e ,  

a n d  p ro b a b ly  i n c o r r e c t ,  an d  th e  d a ta  f r o m  the  DNA e l im in a t io n  

s tu d ie s  in c lu d e d  in  th i s  t h e s i s  show  th a t  e l im in a t io n  of the  

“a u to - a n t ig e n 11 (E. co li  DNA w a s  used) d id  n o t  s u p p o r t  a  r o le  f o r  

d e fe c t iv e  r e m o v a l  in  the  p ro d u c t io n  of DNA a n t ib o d ie s .  S im i l a r  

r e s e r v a t i o n s  m u s t  b e  m a d e  r e g a r d in g  th e  i n t e r p r e t a t i o n s  of o th e r  

w o r k e r s  who h av e  a s s e r t e d  th a t  th e  im m u n o lo g ic a l  p e c u l i a r i t i e s  

p r e s e n t  in  NZ m ic e  (see  in t ro d u c t io n )  a r e  p r o b a b ly  r e s p o n s ib le  

f o r  the  p ro d u c t io n  of the  a u to im m u n e  d i s e a s e  of th e s e  m ic e .

In  fac t ,  the  n u m b e r  of d o c u m e n te d  im m u n o lo g ic a l  p e c u l i a r i t i e s  

i s  so l a r g e ,  an d  a p p e a r s  to be  i n c r e a s i n g  s te a d i ly ,  th a t  t h e i r



c o m b in a t io n  d ru g  r e g i m e s  of p o s s ib le  u s e  in  th e  t r e a t m e n t  of 

h u m a n  a u to im m u n e  d i s e a s e .  T he  p r o b le m  of n e o p la s ia  a r i s i n g  

a s  a r e s u l t  of l o n g - t e r m  im m u n o s u p p r e s s iv e  d ru g  t h e r a p y  cou ld  

a l s o  be fu l ly  e v a lu a te d .  P e r h a p s  u t i l i s a t io n  of t h e s e  l a t t e r  two 

s u g g e s t io n s  m ig h t  y e t  p ro v id e  the  m o s t  im p o r t a n t  c o n t r ib u t io n  

of NZ m ic e  to  m e d ic a l  s c ie n c e .
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