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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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Mitosis in liver macrophages after challenge with antigen 

Challenge Immunization Mitoses per 100 fields 
(mean and range; 4 mice per group) 

HSA HSA in adjuvant 16 (10-24) 
Saline HSA in adjuvant 6 ( 2- 7) 
HSA None 2 ( 1- 5) 
Saline None 3 ( 2- 6) 

c o u n t s  of t he  n u m b e r s  of hepa t i c  p a r e n c h y m a l  cell nuclei  
a n d  Kupf f e r  cell nucle i  were m a d e  on  r e p r e s e n t a t i v e  
sect ions.  The re  were a p p r o x i m a t e l y  2700 p a r e n c h y m a l  
ce l l  nucle i  a n d  700 K u p f f e r  cell nucle i  pe r  100 fields. Com- 
pa r i son  of sect ions  f rom con t ro l  and  e x p e r i m e n t a l  mice  
r evea l ed  no  di f ferences  of more  t h a n  5%.  

The  resu l t s  are shown  in t h e  Table .  I m m u n i z e d  mice  
cha l l enged  w i t h  an t i gen  h a d  4 to  8 t i m e s  as m a n y  mi toses  
as con t ro l  mice  and  t he  r ange  was  comple t e ly  ou t s ide  t he  
r anges  for con t ro l  mice. There  was essen t i a l ly  no  differ- 
ence a m o n g  t he  t h r e e  con t ro l  groups  in  t h e  n u m b e r s  of 
mi toses  seen. I n  a n  a d d i t i o n a l  e x p e r i m e n t  i t  was  found  
t h a t  p ro long ing  t he  v i n b l a s t i n e  exposure  for  a f u r t h e r  two  
hour s  inc reased  t h e  n u m b e r  of mi toses  in  an t igen -cha l l eng -  
ed, i m m u n i z e d  mice  to 39 pe r  100 fields. 

These  f ind ings  i nd ica t e  e i the r  t h a t  t he  Kupf fe r  cells of 
a p p r o p r i a t e l y  i m m u n i z e d  mice can, l ike f lee - f loa t ing  peri-  
t onea l  mac rophages ,  be  i nduced  to d iv ide  w h e n  t he  ani-  
mals  are reexposed  to a pu re  so luble  an t igen ,  or  t h a t  t he  
l iver  is a s i te  where  m a c r o p h a g e  percursors  w h i c h  h a v e  
en t e r ed  t he  mi to t i c  cycle come  to ground.  A l t h o u g h  i t  is 
d i f f icu l t  to  exc lude  t h e  l a t t e r  poss ib i l i ty ,  we f a v o u r  t he  
i n t e r p r e t a t i o n  t h a t  t he  ' f ixed '  m a c r o p h a g e s  undergo  
mi tos is ,  for t he  fol lowing reasons.  The  m a c r o p h a g e s  wh ich  
unde rgo  mi tos i s  in  t h e  l iver  d u r i n g  t he  acqu i s i t ion  of 
cel lular  r es i s t ance  to  in fec t ion  h a v e  been  shown,  b y  t h e i r  
p r io r  inges t ion  of col loidal  carbon ,  to  h a v e  been  p rev ious ly  
r e s iden t  in t he  l iver  s . Likewise,  i t  has  been  shown,  b y  t he  
use of i r r a d i a t i o n  and  a p p r o p r i a t e  shielding,  t h a t  indi-  
genous  Kupf fe r  cells p ro l i fe ra te  in  response  to  oes t rad io l  1% 
Fina l ly ,  t h e r e  is a lag of 16 h be t w een  t h e  in j ec t ion  of 
a n t i g e n  in to  i m m u n i z e d  mice  and  t he  onse t  of D N A  
syn thes i s  in pe r i t onea l  m a c r o p h a g e s  10, a n d  t he  gene ra t i on  
t i m e  of m o n o c y t e  p recursors  in  bone  m a r r o w  has  been  
e s t i m a t e d  as 20 h z3. I f  these  f igures  are app l i cab le  to  all  
ceils of t he  m o n o n u c l e a r  p h a g o c y t i c  sys tem,  i t  would  seem 
un l ike ly  t h a t  all, or even  a ma jo r i t y ,  of K u p f f e r  cells 
e n t e r i n g  m e t a p h a s e  b e t w e e n  20 a n d  23 h a f te r  chal lenge 

could  h a v e  been  r ecen t l y  der ived  f rom a n  e x t r a - h e p a t i c  
site. 

O u r  e x p e r i m e n t s  shed  no d i rec t  l i gh t  on  t h e  m e c h a n i s m  
of i n d u c t i o n  of mi tos i s  b u t  t he re  is sugges t ive  evidence,  
s u m m a r i z e d  above ,  t h a t  a n t i g e n - i n d u c e d  mi tos i s  in  
m a c r o p h a g e s  is an  expres s ion  of ce l l -media ted  i m m u n i t y .  
I t  h a s  been  r epo r t ed  t h a t  s u p e r n a t a n t  f lu ids  f rom mixed  
cu l tu res  of a l logenic  r a b b i t  l y m p h o c y t e s  can  s t i m u l a t e  
r a b b i t  m o n o c y t e s  to  p ro l i fe ra te  in  v i t r o  a n d  acqui re  some 
res i s t ance  to i n t r ace l lu l a r  m y c o b a c t e r i a  z4. There  is also 
ev idence  t h a t  m a c r o p h a g e s  can  be  a c t i v a t e d  b y  l y m p h o -  
k ines  p roduced  b y  lymphocy te s ,  de r ived  f rom i m m u n e  
an imals ,  a f t e r  cu l tu re  w i t h  specific an t i gen  zS-zs. The  
r e l a t i onsh ip  b e t w e e n  a c t i v a t i o n  and  mi tos i s  in m a t u r e  
m a c r o p h a g e s  is no t  c lear  z~ I t  m a y  be  t h a t  t h e  two 
p h e n o m e n a  are  r e l a t ed  b u t  p o t e n t i a l l y  i n d e p e n d e n t  ex- 
press ions  of ce l l -media ted  i m m u n i t y .  I t  is also conceiv-  
able  t h a t  mi tos i s  in  ma tu r e ,  f ixed m a c r o p h a g e s  ref lects  a 
res idua l  c a p a c i t y  to  r e spond  to  t he  s a m e  s t imu lus  w h i c h  
leads  to  p ro l i f e ra t ion  of m a c r o p h a g e  precursors  in  bone  
m a r r o w  and  to  t he  p r o d u c t i o n  of large  n u m b e r s  of new 
m o n o c y t e s  du r ing  t h e  acqu i s i t ion  of ce l lu lar  res i s tance  to 
in fec t ion  ~0. 

Rdsumd. Des souris  on t  6t@ immunis@es avec  l ' a l b u m i n e  
du  s@rum h u m a i n  dans  l ' a d j u v a n t  c o m p l e t  de F reund .  U n  
jour  apr@s une  i n j ec t i on  de r a p p e l  de l 'antig@ne, la  ta i l le  
des mitoses ,  p a r m i  les m a c r o p h a g e s  du  foie dCpasse celle 
des mi toses  des souris  tCmoins.  
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Specific Enhancement of the Cytotoxic Titre with Regard to Complement Source and Cytotoxicity 
Test Systems 

I n  h i s t o c o m p a t i b i l i t y  tes t ing ,  t he re  are  s t i l l  m a n y  pro-  
b l ems  assoc ia ted  w i t h  weak  r e a c t i v i t y  of t he  l y m p h o c y t e s  
(CYNAP) .  I t  h a s  been  s h o w n  t h a t  t he  r e a c t i v i t y  of 
h u m a n  l y m p h o c y t e s  in c y t o t o x i c i t y  t e s t s  c an  be  increased  
b y  p r e t r e a t m e n t  w i t h  enzymes .  W h e r e a s  t r y p s i n  a n d  
ficin t r e a t m e n t  m a y  p roduce  false pos i t ive  resu l t s  z,2, 
n e u r a m i n i d a s e  gave  a n  increased  specific r e a c t i v i t y  w i t h  
h u m a n  l y m p h o c y t e s  3. At t h e  t i m e  of t h i s  i nves t iga t ion ,  
s tud ies  w i t h  e n z y m e  t r e a t e d  mice  l y m p h o c y t e s  were 
n o t  ava l i ab le .  C y t o t o x i c i t y  t e s t s  are usua l ly  per- 

fo rmed  w i t h  r a b b i t  s e rum as c o m p l e m e n t  source. 
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