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d i t i on ;  such  a n  increase  is abo l i shed  b y  p h o s p h a t e .  Con- 
s e q u e n t l y  we can  suppose  t h a t  t he  i n h i b i t o r y  effect  of 
h i s t a m i n e  on  A D P - i n d u c e d  aggrega t ion ,  p rev ious ly  desc- 
r ibed  b y  CONSTANTINE4 Could be  due  to t he  use of h is t -  
a m i n e - p h o s p h a t e .  W e  can  p u t  fo rward  a s imi la r  supposi-  
t i o n  to exp la in  t h e  absence  of a n y  effect  of h i s t a m i n e  ob- 
se rved  b y  O'BRIEN 6. I n  a c t u a l  fact,  O'BRIEN 2 a n d  CONST- 
ANTINE4 u n f o r t u n a t e l y  do no t  specify t he  h i s t a m i n e  sa l t  
t h e y  used. I t  seems i n t e r e s t i ng  to quo te  also t h a t  we h a v e  
o b t a i n e d  s imi la r  resu l t s  w i t h  h i s t a m i n e  a n d  48/80~ As pla-  
te le t s  are k n o w n  to  c o n t a i n  h i s t amine ,  we can  emphas i ze  
t h a t ,  so far  as we h a d  observed ,  t he  effect  of 48/80 above  
9 ~g /ml  is i n d e p e n d e n t  of t h e  concen t r a t i on :  There fore  we 
can  suppose  t h a t  h i s t a m i ne - l i be r a t o r ,  even  a t  low c0ncen-  

t r a t ion ,  releases t he  m a x i m u m  of h i s t a m i n e  disposal.  Ac- 
cord ing  to  HUMPHREY 9, t h e  c o n t e n t  of h i s t a m i n e  in t he  r a t  
p la te le t s  is less t h a n  1 ~zg/109 cells; on  t he  con t r a ry ,  b y  
h i s t a m i n e  a d d i t i o n  eve ry  p l a t e l e t  could h a v e  a t  i ts  dispo- 
sal r ough ly  27 x 20 -6 vg of h i s t amine .  
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Hot-Cold Hemolysis:  The Role of Positively Charged 

The  e r y t h r o c y t e s  of severa l  species e x h i b i t  a s t a r t l i n g  
response  to m a n y  bac te r i a l  exo tox ins  (e.g. Cl. welchii 
~- tox in  or s t aphy lococca l  f l- toxin):  t he  classic ' ho t - co ld '  
h e m o l y t i c  p h e n o m e n o n ;  hemolys i s  caused  b y  t h e  lowest  
d i lu t ions  of some e x o t o x i n s  m i g h t  be  i n c o m p l e t e  or a b s e n t  
d u r i n g  i n c u b a t i o n  o f  suscep t ib le  e r y t h r o c y t e s  for a f ixed 
t i m e  a t  37~ However ,  a d d i t i o n a l  i n c u b a t i o n  a t  0~ 
r a t h e r  t h a n  i n h i b i t i n g  t h e  h e m o l y t i c  process,  p e r m i t s  i t  to  
proceed  to  comple t i on ;  hence  t h e  t e r m  'ho t -co ld ' .  

I n  a n  a t t e m p t  to  exp la in  th i s  effect  we a d v a n c e d  t he  
work ing  h y p o t h e s i s  t h a t  t he  ' h o t '  phase  of t he  p h e n o m e n -  
on  m a y  resu l t  f r om chemica l  a l t e r a t i ons  of t h e  chol ine  
res idues  of m e m b r a n e  sph ingomye l in ,  o u r  o b s e r v a t i o n  of 
lyr ic  effects  of t h e  t r i iod ide  ion on t he  sheep, h u m a n ,  a n d  
r a t  e r y t h r o c y t e s  ful ly  suppo r t s  th i s  concept .  The  I s-  ion 
was fo rmed  e i the r  n o n - e n z y m a t i c a l l y ,  b y  r eac t ion  of 
h y d r o g e n  perox ide  w i t h  iodide,  or enzymat i ca l ly ,  us ing  
glucose oxidase  a n d  glucose as a source of H~O 6 a n d  horse  
r a d i s h  pe rox idase  to  oxidize  iodide.  Hemolys i s  was  
d e t e r m i n e d  b y  m e a s u r i n g  t he  a m o u n t  of h e m o g l o b i n  as 
h e m i n  1. The  lyr ic  effects of I s-  depend,  Caeteris paribus, 
on t he  c o n c e n t r a t i o n  of t he  t r i iod ide  ion ident i f ied  b y  i t s  
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'Hot-cold' hemolysis of sheep RBC induced by 13-. Two series of 
duplicate tubes each containing 2.5 inl of 0.6% sheep RBC suspended 
in 0.1M potassium phosphate buffer, pH 6.9, and 0.8 ml of a solution 
of I a- (350 nanomoles; with molar ratio Ia-/RBC phospholipid = 4.3) 
were incubated at 37~ ('hot' phase) and the percentage hemolysis 
determined in one series of tubes (A---A) at the indicated time inter- 
vals. At each time period duplicate tubes of the second series were 
removed to an ice bath and held for an additional 60 rain ('cold' 
phase) and the percentage hemolysis again determined (@--@). 

Membrane Phosphol ipids  

a b s o r p t i o n  s p e c t r u m  (max 1 a t  3530 /k w i t h  m o l a r  ex t inc-  
t i on  coeff. 26,400; m a x  2 a t  2875 Zk w i t h  m/e coeff. 40,0002) 
and  d e t e r m i n e d  us ing  i ts  m a x  1. The  13- i nduced  hemolys i s  
occurs  be tween  p H  6.0 a n d  7.9 w i t h  the  o p t i m u m  a t  p H  
7.0. Hemolys i s  is u sua l ly  comple te  w i t h i n  60 ra in  of 
i n c u b a t i o n  a t  37~ However ,  w h e n  t he  i n c u b a t i o n  t i m e  
is shor ter ,  or w h e n  less t h a n  o p t i m a l  a m o u n t s  of I a- are  
employed,  t he  e x t e n t  of t h e  ' h o t '  hemolys i s  is reduced.  
Now, t h e  e r y t h r o c y t e s  lef t  a t  0~ e x h i b i t  a d d i t i o n a l  
leakage  of hemoglob in"  t h e  'cold '  effect  wh ich  is pro-  
po r t i ona l  to  t h e  dose of 13- used in t he  ' h o t '  phase  of t he  
e x p e r i m e n t  or, w i t h  s u b o p t i m a l  t i m e  of i ncuba t ion ,  to  t he  
d u r a t i o n  of t h e  ' h o t '  phase  (Figure).  

I s-  hemolys i s  could be  p r e v e n t e d  b y  t h e  a d d i t i o n  of 
d ipa lmi toy l  l ec i th in  (Nutr .  B iochem.  Corp., Cleveland,  
Ohio;  in  fo rm of sonicates)  to  t he  i n c u b a t i o n  m e d i u m  
before  t he  i n i t i a t i o n  of t h e  ' h o t '  phase.  W e  h a v e  also 
d e m o n s t r a t e d  t h a t  th i s  s a t u r a t e d  l ec i th in  b inds  I s-  in  a 
s t ab le  complex ,  a p p a r e n t l y  a t r i iodide ,  t h a t  can  be  iden t -  
ified b y  t h i n  l ayer  c h r o m a t o g r a p h y  ( E a s t m a n  Chroma-  
g r a m  K 3 0 1 R 2  ; c o n t i n u o u s  r u n  in  d i e t h y l  e ther ,  m e t h a n o l  : 
1 : l ) .  S imi la r  i n t e r a c t i o n  of 13- w i t h  -N+(CH3)a groups  of 
m e m b r a n e  phosphol ip ids ,  a t  p H  7.0 ful ly  p r o t o n a t e d  
(pK a b o u t  9.0) a n d  accessible  to  inf luences  of the  med-  
i um 3, a p p a r e n t l y  leads to  ho t -co ld  hemolys is .  Of t h e  
m e m b r a n e  phosphol ip ids ,  t he  sph ingomye l in s  which  are  
ne t  pos i t ive  over  wide  p H  4, m a y  well  be  t he  m o s t  ac t ive  
s u b s t r a t e  for i n t e r a c t i o n  w i t h  13-. The  e r y t h r o c y t e s  of  
sheep, man ,  a n d  r a t  show (in t h i s  order)  b o t h  decreas ing  
s ens i t i v i t y  to  t h e  lyr ic  effects  of I s-  (Table),  a n d  decreas-  
ing con t en t s  of t h e i r  s p h i n g o m y e l i n s  (14.66; 10.0; 4.91 
nmoles /10  s cells w i t h  t he  m o l a r  ra t ios  t o t a l  m e m b r a n e  
p h o s p h o l i p i d / m e m b r a n e  sph ingomye l in s  of 1.58, 3,97, a n d  
7.6, r e spec t ive ly  ~-7). 
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Varying responses of the erythroeytes of sheep, man, and rat to 
agents which induce 'hot-cold' hemolysis 

Agent Sheep Man Rat 

a) Ia- 2.9 7.3 7.0-22.0 

b) Cl. welchii Phospholipase C 0.50 0.92 31.0 

c) S. aureus (strain R-l)/~-toxin 2048 256 <4  
(G. M. WISEMAN 9) 

a) For 18- the data are expressed as the molar ratio I3-/RBC phospho- 
lipid causing the maximum hemolytic response of 0.3% RBC at pH 
6.9 in 0.1 M potassium phosphate buffer during 60 min of incubation 
with the standardized amounts of I3- at 37 ~ b) For C1. welchii phos- 
pholipase C the data are expressed as miero-g of enzyme which causes 
50% hemolysis in pH 6.5 isotonic saline containing 2 mM CaC12, 
during 30 min incubation of 0.3% RBC at 37 ~ c) The data 9 are ex- 
pressed as dilutions of a fl-toxin preparation giving the same hemo- 
lytic response at similar conditions (hemolytic units/ml). 

Cl. welchii phosphol ipase  C which releases the  phophory l -  
n i t rogenous  m o ie ty  f rom phospha t i de s  of t he  e ry th rocy t e  
m e m b r a n e s  shows a d i f ferent ia l  response  of the  e ry th ro-  
cytes  of sheep,  man,  and  ra t  s imilar  to  t h a t  induced  by  
I s-  (Table), and  - under  p roper  condi t ions  - t he  'hot -cold '  
phenomenon .  

Our resul ts  suppor t  a v iew t h a t  t he  f ixed posi t ive  
charge of phosphol ip ids  (in par t icular ,  sphingomyel in)  
m a y  regula te  t he  leakage of hemoglob in  t h rough  the  cry- 

t h ro cy t e  membrane .  Once fac i l i ta ted  th is  pass ive  move-  
m e n t  of hemoglob in  proceeds  and  reaches  an equi l ibr ium 
in t he  ' ho t '  phase .  W h e n  the  ceils are t r ans fe r red  into the  
ice b a t h  before t he  equi l ibr ium is a t t a ined  the  p a s s i v e '  
m o v e m e n t  of hemoglobin  proceeds  unt i l  the  equi l ibr ium 
is reached  ( 'cold'  phase  of the  classical microbiology).  The 

e f f e c t  of 'ho t -co ld '  hemolys is  appears  to  be a co mmo n  
fea ture  of the  response  of e ry th rocy te s  to  any  agent  which  
a l ters  or r e m o v e s  -N+(CH3)a groups  of m e m b r a n e  phos-  
phol ipids .  

Zusammen/assung. Nachweis  der  Wirkung  b e s t i m m t e r  
E x o t o x i n e  yon  Bak te r i en  auf die E r y t h r o z y t e n m e m b r a n ,  
wobel  die ~_nderung der  Permeabil i t /~t  du rch  die Ab- 
spa l tung  yon  Cholin aus den Phospho l ip iden  der  Membran  
erfolgt.  
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Antigen-Induced Mitosis  in Liver Macrophages o f  

Act iva t ion  of macrophages  appears  to  be essent ia l  to  
the  express ion of acquired res is tance  to m a n y  expe r imen ta l  
infect ions  1, 8. Ac t iva t ed  macrophages  differ  f rom 'normal '  
(non-act iva ted)  mac rophages  in hav ing  a grea t ly  increased 
capac i ty  to  des t roy  in t racel lu lar  micro-organisms,  in- 
creased ra tes  of phagocytos i s  and spread ing  on g lass  and 
an increased con t en t  of phase -dense  and  phase- lucen t  
granules  1, 8. Tile process of ac t iva t ion  is ce l l -media ted  and  
immunologica l ly  specific 1, 2, 4. Ac t iva t ion  and  the  acquisi- 
t ion  of res is tance  are general ly  accompanied  by  the  devel-  
o p m e n t  of de l ayed - type  hypersens i t iv i ty5  and  the  occur- 
rence of mi tos is  in t he  macrophages  of t he  per i tonea l  
cav i ty  6, spleen and  l iver  7, 8. I t  has  also been  repor ted  t h a t  
mi tos is  can  be induced  in per i tonea l  macrophages  by  the  
re - in jec t ion  of a soluble p u r e p r o t e i n  an t igen  in to  mice 
p rev ious ly  immun ized  w i t h  t h a t  an t igen  in F r e u n d ' s  
a d j u v a n t  s . We  have  conf i rmed  th is  observa t ion ;  shown 
t h a t  the  induc t ion  of mi tos is  is immunologica l ly  specific 
and  is accompan ied  by  morphologica l  signs of ac t iva t ion ;  
observed  t h a t  mice which  respond  in this  way  also have  
d e l a y e d - t y p e  hype r sens i t i v i t y  to  t he  an t igen;  and  found  
t h a t  mi to t i c  r eac t iv i ty  could no t  be conferred on normal  
mice by  in jec t ion  of h igh- t i t r ed  ant i sera  f rom immunized  
mice or r abb i t s  1~ In  the  course of these  expe r imen t s  we 
wished  to  de t e rmine  w h e t h e r  the  hepa t i c  macrophages  
(Kupffer  cells) which  t u r n  over  ve ry  slowly - abou t  once 
every  60 days  n _ and  are t hus  a re la t ive ly  f ixed popula-  
t ion,  would  also respond  mi to t ica l ly  to  ant igenic  challenge 
in immun ized  mice. 

Non- inb red  female SW mice were immun ized  by  s.c. 
inject ions,  1 week apa r t  of 100 ~g of 4 •  
h u m a n  se rum a lbumin  (HSA, Nut r i t i ona l  Biochemicals  
Corp.) as an emuls ion  of equal  vo lumes  of a sal ine solut ion 

Immunized  Mice 

w i t h  F r e u n d ' s  conlple te  a d j u v a n t  (Difco). 4 weeks af ter  
t he  2nd in jec t ion  t h e y  received a s.c. in ject ion of 2 mg  
H S A  in 0.2 ml  saline. Controls  compr i sed  immunized  
animals  in jec ted  wi th  saline only  and  non- immunized  
animals  in jec ted  wi th  H S A  or saline. 20 h la ter  t hey  were 
in jec ted  i.v. w i th  100 ~zg v inb las t ine  su lpha te  (Velbe, 
Lilly) in 0.5 ml  saline. Af te r  a fu r the r  3 h t h e y  were killed 
by  cervical  d is locat ion and  por t ions  of the  livers were 
r emo v ed  and  f ixed in formol-sal ine.  Sect ions 6 txm th ick  
were cut  f rom paraf f in  e m b e d d e d  blocks and s ta ined wi th  
h a e m a t o x y l i n  and  eosin. The n u m b e r  of macrophages  in 
mi tos is  was counted  in 100 microscopic  fields a t  a magnifi-  
ca t ion  of 100 •  The abnormal  mi to t i c  figures were easi ly  
recognizable  and those  in Kupf fe r  cells were dis t inguish-  
able f rom the  rare mitoses  in hepa t i c  p a r e n c h y m a l  cells. 
In  order  to  ensure t h a t  the  resul ts  were  no t  affected by  
d is tor t ion  or compress ion  of t he  t issue dur ing  processing, 
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