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Ca to  such  a cofactor .  However ,  t he  s t rong ,  c o n c e n t r a -  
t i o n - d e p e n d e n t  i n h i b i t i o n  b y  L a  s+ of re lease  r e a c t i o n  in  
w a s h e d  cells m a k e s  i t  more  l ike ly  t h a t  L a  3+ does ac t  on  
t he  cell, p e r h a p s  in t race l lu la r ly .  Qu i t e  r ecen t l y  O'BRIEN 1~ 
also h a s  s h o w n  L a  a+ i n d u c e d  i n h i b i t i o n  of p l a t e l e t  
aggrega t ion .  

Zusammen[assung. L a ~ - I o n e n  ze ig ten  e ine  konzen-  
t r a t i o n s a b h A n g i g e  H e m m u n g  de r  A D F - i n d u z i e r t e n  Ag-  
g r ega t i on  m e n s c h l i c h e r  Blut l01~t tchen.  Diese  H e m m u n g  
i s t  n i c h t  y o n  de r  Zah l  d e r  Zel len ode r  de r  K o n z e n t r a t i o n  

des  A D P  abh / ing ig  u n d  1/isst s ich n i c h t  d u r c h  Z n s a t z  
y o n  Ca~+-Ionen neu t ra l i s i e ren .  
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Effect of N o r m a l  and Irradiated M a r r o w  Grafts  
Irradiat ion 

A t r a n s i t o r y  a c c u m u l a t i o n  of l y m p h o i d - l i k e  cells in  
t h e  b o n e - m a r r o w  a f t e r  a s u b l e t h a l  i r r a d i a t i o n  h a s  b e e n  
r e p o r t e d  b y  severa l  a u t h o r s  1-3. These  pecu l i a r  cells a re  
ca l led  t r a n s i t i o n a l  cells ~,~ or  X-cel l s  4. 

I n  a p rev ious  repor t ,  we h a v e  s h o w n  t h a t  t h e  l y m p h o i d  
o v e r s h o o t  obse rved  in mice  a f t e r  a 500 R i r r a d i a t i o n  s is 
n o t  f o u n d  in  a n i m a l s  exposed  to  a l e t h a l  i r r a d i a t i o n  
fol lowed b y  a n o r m a l  b o n e  m a r r o w  g ra f t  s. Th i s  d i f ference 
can  be  r e l a t e d  e i t h e r  to  t h e  inc rease  in t h e  X - r a y  dose 
or to  t h e  p resence  of t h e  i n j ec t ed  mar row.  I n  o rde r  to  
d i s c r i m i n a t e  b e t w e e n  the se  t w o  possibi l i t ies ,  we dec ided  
to  s t u d y  ~he in f luence  of a b o n e  m a r r o w  g r a f t  in  mice  
r e c o v e r i n g  f r o m  a 500 R i r r ad i a t i on .  

3Iethods. Male  R I I I  mice ,  75 d a y s  old,  were  exposed  
to  a 500 R X - i r r a d i a t i o n  u n d e r  t h e  fo l lowing c o n d i t i o n s :  
S i emens  S t a b i l i v o l t  a p p a r a t u s ,  190 KV, 18 m A ,  0.5 m m  
Cu f i l ter ,  35 c m  F.D. ,  210 R ] m i n .  

T h e  mice  were  d i v i d e d  i n t o  3 groups .  20 h a f t e r  i r r ad i a -  
t ion ,  t h e  mice  of t h e  f i r s t  g r o u p  were  i n j e c t e d  i .v.  w i t h  
a su spens ion  of n o r m a l  isogeneic  b o n e - m a r r o w .  T h e  
second  g roup  was  t r e a t e d  as  t h e  f i rs t ,  e x c e p t  t h a t  t h e  
b o n e - m a r r o w  was  h a r v e s t e d  f r o m  d o n o r s  i r r a d i a t e d  a t  
500 R t h e  d a y  before.  E a c h  mice  r ece ived  5 × 1 0  ~ nu -  
c lea ted  ceils in  0.5 m l  s ter i le  H a n k s  so lu t ion .  No addi -  
t i o n a l  t r e a t m e n t  was  g iven  to  t h e  t h i r d  group.  I n  e a c h  
e x p e r i m e n t a l  group,  4 - 6  a n i m a l s  were ki l led e v e r y  o t h e r  

• d a y  f rom t h e  2nd  to  t h e  20 th  day .  A d d i t i o n a l  mice  were  
sacr i f iced  a t  t h e  2 4 t h  day .  

T h e  h a e m a t o c r i t  a n d  t h e  l eukocy t e  c o u n t s  were  meas -  
ured.  T h e  t o t a l  n u m b e r  of n u c l e a t e d  ceils in  2 f emurs  
was  c o u n t e d  b y  m e a n s  of a n  e lec t ron ic  coun te r .  M a r r o w  
smear s  were  p r e p a r e d  a n d  s t a i n e d  b y  M a y - G r u n w a l d -  
G i e m s a  m e t h o d .  T h e  re su l t s  of t h e  m y e l o g r a m s  were  
expressed  in a b s o l u t e  n u m b e r  of  ceils for  2 femurs .  

Results. T h e  v a r i a t i o n s  of t h e  h a e m a t o c r i t ,  t h e  leuko-  
cy te  c o u n t s  a n d  t h e  t o t a l  n u m b e r  of m a r r o w  n u c l e a t e d  
cells a re  closely s im i l a r  in  ou r  3 e x p e r i m e n t a l  mode l s  
(F igure  1). T h e  h a e m a t o c r i t  is s l i gh t ly  dec reased  b e t w e e n  
t h e  4 t h  a n d  t h e  20 th  days .  T h e  l e u k o c y t e  c o u n t s  show 
a f a s t  d r o p  fo l lowed b y  a v e r y  s low recovery~ t h e  va lues  
f o u n d  a f t e r  24 d a y s  be ing  s t i l l  be low t h e  con t r o l  va lues .  
A f t e r  a fall ,  d u r i n g  t h e  f i r s t  p o s t - i r r a d i a t i o n  days ,  t h e  
t o t a l  n u m b e r  of t h e  m a r r o w  n u c l e a t e d  cells inc reases  
p rog res s ive ly ;  a t  t h e  20 th  day ,  n o r m a l  va lues  a re  r e a c h e d  
aga in .  

The  re su l t s  of t h e  m y e l o g r a m s  are  p l o t t e d  in  F i g u r e  2. 
T h e  m a r r o w  i n j e c t i o n  does no t  in f luence  t h e  r ecove ry  
of t h e  mye lo id  a n d  e r y t h r o i d  series. T he  di f ferences  
conce rn  t h e  l y m p h o i d - l i k e  ceils. T h e y  r e b o u n d  over  t h e  
n o r m a l  level  f rom t h e  10 th  to  t h e  14 th  d a y  in  t h e  n o n -  

on the H a e m o p o i e t i c  R e c o v e r y  After a Suble tha l  

i n j ec t ed  mice.  T h i s  o v e r s h o o t  is also p r e s e n t  in  t h e  ani -  
m a l s  g r a f t ed  w i t h  i r r a d i a t e d  mar row .  No r e b o u n d  can  
be  de t ec t ed  a f t e r  n o r m a l  m a r r o w  in jec t ion .  

Discussion. I n  500 R i r r ad i a t ed  an ima l s ,  we r e p r o d u c e d  
t h e  ' l y m p h o i d '  r e b o u n d  a l r eady  o b s e r v e d  in  p rev ious  
e x p e r i m e n t s  1~ Th i s  o v e r s h o o t  was  n o t  mod i f i ed  b y  t h e  
a d m i n i s t r a t i o n  of m a r r o w  i r r ad i a t ed  24 h p r io r  to  gra f t ing .  
On t h e  c o n t r a r y ,  a f t e r  a n o r m a l  b o n e  m a r r o w  graf t ,  no  
l y m p h o i d  r e b o u n d  could  be  p roduced .  

T w o  m e c h a n i s m s  can  b e  p roposed  to  e x p l a i n  t h e  absence  
of l y m p h o i d  over shoo t ,  One  could  conce ive  t h a t  some  
ce l lu la r  f a c t o r  s im i l a r  to  t h e  cha lone  ex i s t s  in t h e  n o r m a l  

HemTocrit 

" , . , .  .~ . . . . . .  5 , : ,  , ~.. , , . . .  _ 

! 

, , ,  

, .  
4 "'. , ' . . . . .  " "  . . . . . . . . .  

4 8 It 16 ?,0 t4 days 

Fig. I. Haematocrit values, leukocyte counts and bone marrow 
nucleated cell numbers from 2 femurs after a 500 R irradiation ( ), 
a 500 R irradiation combined with a normal marrow graft ( - - - )  
and a 500 R irradiation combined with an irradiated marrow 
graft ( . . . ) .  
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Fig. 2. Absolute numbers of various cell types after 500 R ( ), 
500 R with a normal marrow graft ( - - - ) ,  and 500 R with an irra- 
diated marrow graft (-..). 

m a r r o w  a n d  is ab le  to  i n h i b i t  t h e  d e v e l o p m e n t  of t h e  
l y m p h o i d  popu l a t i on .  Th i s  f ac to r  shou ld  be  d e s t r o y e d  
b y  t h e  i r r a d i a t i o n  w i t h  a s u b s e q u e n t  release of t h e  lym-  
p h o i d  g rowth .  A n o r m a l  m a r r o w  g ra f t  would, p r o v i d e  a 
suf f ic ien t  a m o u n t  of t h e  i n h i b i t o r y  f ac to r  to  r e s to re  i t s  
effect .  

A n  a l t e r n a t i v e  poss ib i l i t y  is a c o m p e t i t i o n  b e t w e e n  
n o r m a l  a n d  i r r a d i a t e d  mar rows .  The  pecu l i a r  l y m p h o i d  
(X cell) popu l a t i on ,  w h i c h  c o n s t i t u t e s  a n  a b n o r m a l  cell  
l ine  in  t h e  a d u l t  mar row% shou ld  be  o v e r g r o w n  b y  t h e  
n o r m a l  c o r r e s p o n d i n g  cell  l ine  de r i ved  f rom t h e  graf t ,  
i.e. f r om n o r m a l  m a r r o w  w h i c h  ha s  b e e n  s h o w n  to  r ecover  
w i t h o u t  a n y  l y m p h o i d  r e b o u n d  s. 

However ,  t h e  m e c h a n i s m s  r e g u l a t i n g  t he se  cell  popu l a -  
t ions  a re  t i l l  now  u n k n o w n .  T h u s  o t h e r  h y p o t h e s e s  c an  
c e r t a i n l y  n o t  be  d iscarded ,  even  those  i n v o l v i n g  ex t r a -  
m e d u l l a r y  f eed -back  con t ro l s  w h i c h  could  b e  p e r t u r b e d  
b y  t h e  i r r a d i a t i o n  a n d  r e s to red  b y  a n o r m a l  m a r r o w  
graf t .  

Rdsumd. Apr6s  une  i r r a d i a t i o n  subl6 ta le ,  la  moelle 
p r6sen te  une  a c c u m u l a t i o n  t r a n s i t o i r e  de cel lules l ym-  
pho ides  pa r t i cu l i6 res  (cellules t r a n s i t i o n n e l l e s  ou cel- 
lules X) .  Ce t te  a c c u m u l a t i o n  n ' a p p a r a i t  pa s  apr6s  u n e  
greffe de  moelle no rma le .  Le  c o m p o r t e m e n t  des  cel lules 
l y m p h o i d e s  n ' e s t  pa s  in f luenc6  p a r  une  greffe de  meelle 
i rradi6e.  
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'High  D o s e '  I m m u n o l o g i c  T o l e r a n c e  to  Escherichia coli L i p o p o l y s a c c h a r i d e  A s s e s s e d  by  B a c t e r i o l y t i c  
and  H e m o l y t i c  P l a q u e  A s s a y s  

I m m u n o l o g i c  t o l e r a n c e  or  pa ra lys i s  c an  be  i nduced  in 
e x p e r i m e n t a l  a n i m a l s  w i t h  h i g h l y  i m m u n o g e n i c  a t i gens  
de r ived  f rom G r a m - n e g a t i v e  bac te r i a .  E x a m p l e s  inc lude  
t h e  i m m u n o l o g i c  u n r e s p o n s i v e n e s s  i nduced  in n e o n a t a l  
r o d e n t s  to  l i popo lysaccha r ide  (LPS)  a n t i g e n s  of Shigella 
paradysenteriae a n d  Escherichia cell, as wel l  as to  pur i f i ed  
p r o t e i n  a n t i g e n s  de r i v ed  f rom Salmonella [lagellin z-zS. 
Cellular  aspec t s  of t o l e r ance  to  t h e  L P S  a n t i g e n s  h a v e  
b e e n  i n v e s t i g a t e d  b y  m e a n s  of a mod i f i ed  J e r n e  h e m o l y t i c  
p l a q u e  a s say  in  aga r  gel, u s ing  t a r g e t  sheep  e r y t h r o c y t e s  
c o a t e d  w i t h  t h e  a p p r o p r i a t e  b a c t e r i a l  e x t r a c t  a, 4, 9-zl. 
I m m o b i l i z a t i o n  t e s t s  a n d  b a c t e r i a l  a d h e r e n c e  h a v e  been  
used  to  assess ce l lu lar  e v e n t s  d u r i n g  t o l e r ance  to  t h e  
f lagel lar  a n t i g e n s  ~, 13,18. 

I n  s tud ies  w i t h  t h e  E. cell L P S ,  t o l e r ance  h a s  b e e n  
ach i eved  in b o t h  n e o n a t a l  a n d  a d u l t  mice*-Zz, z4-~6. Mice 
in j ec t ed  r e p e a t e d l y  as a d u l t s  w i t h  t h e  E. coli a n t i g e n  
showed  a m a r k e d  depress ion  in t h e i r  a b i l i t y  to  r e s p o n d  

to  cha l l enge  i m m u n i z a t i o n  w i t h  t h i s  an t igen ,  b u t  n o t  
o the r s  10,11. Howeve r ,  e x p e r i m e n t s  us ing  b o t h  t h e  pass ive  
h e m o l y t i c  p l a q u e  assay,  w i t h  an t igen - sens i t i z ed  sheep  
red  b lood  cells, a n d  a more  d i rec t  bac t e r io ly t i c  a s say  
w i t h  v i a b l e  b a c t e r i a  as t h e  ind ica to r ,  r e su l t ed  in  con-  
t r a s t i n g  resul ts .  A m u c h  g r ea t e r  supp re s s ion  was  e v i d e n t  
w h e n  t h e  pass ive  h e m o l y t i c  p l a q u e  a s say  was  used  to  
e n u m e r a t e  a n t i b o d y  f o r m i n g  cells 14-1% I n  con t ras t ,  m a n y  
more  a n t i b o d y - p r o d u c i n g  cells were  found  in  t h e  s ame  
spleen cell  suspens ions  w h e n  t h e  d i rec t  b a c t e r i a l  p l a q u e  
procedure ,  w i t h  v i a b l e  bac te r i a ,  was  used  as t h e  ind ica to r .  
Such  f ind ings  were  c o n s i s t e n t  w i t h  t he  c o n c e p t  t h a t  
t o l e rance  to  a n t i g e n s  as c o m p l e x  as t h e  s o m a t i c  e x t r a c t s  
of b a c t e r i a  is m o s t  l ike ly  due  to  u n r e s p o n s i v e n e s s  to  
' m a j o r '  a n t i g e n s  p r e s e n t  in  t h e  e x t r a c t  w h i c h  m a y  n o t  
sens i t ize  t h e  i n d i c a t o r  erythrocytesZ% 

I n  t h e  ear l ier  s tud ies  of ]~RITTON 10'11, t o l e rance  was  
i nduced  w i t h  r e l a t i ve ly  la rge  c o n c e n t r a t i o n s  of a de tox i -  


