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I n f l u e n c e  of H i s t a m i n e  o r  H i s t a m i n e - L i b e r a t o r  (48 /80)  on  the  A D P - I n d u c e d  P l a t e l e t  A g g r e g a t i o n  

In  a previous  work  1 it was  found t h a t  the  addi t ion  of 
h i s t amine  to  t he  ra t  p la te le t - r ich  c i t r a ted  p l a sma  (PRP)  
does no t  in ter fere  w i t h  t he  c lumping  effect  of A D P  added  
to the  p l a sma  s imul taneous ly  wi th  h is tamine .  This  resul t  
is s imilar  to  t h a t  ob ta ined  b y  O'BRIEN~, MITCHELL and  
SHARP a on h u m a n  or r abb i t  platelets ,  b u t  the  con t r a ry  to  
t h a t  of CONSTANTINE 4 who observed  t h a t  h i s t amine  inhi-  
b i ts  the  A D P - i n d u c e d  p la te le t  c lumping  in r abb i t  p lasma.  
I t  is ve ry  diff icult  to  reconcile the  opposi te  resul ts  ob- 
t a ined  by  O'BRIEN ~, MITCHELL and  SHARP 3 and  ourselves ~ 
wi th  those  of CONSTAI~TINE ~, especially in view of the  fact  
t h a t  h i s t amine  p rovokes  p la te le t  aggregat ion in t he  de- 
calcified whole b lood 1, ~, 6. 

The purpose  of our expe r imen t s  was to  s tudy  whe t h e r  
the  c lumping  effect  of h i s t amine  in t he  whole  blood is 
effect ively abol ished in P R P ,  and, subordinate ly ,  to  com- 
pare  the  inf luence of the  added  h i s t amine  wi th  t h a t  of t he  
endogenous  one as released by  h is tamine- l ibera tor .  

Methods. Blood f rom the  r igh t  ventr ic le  of adul t  rats ,  
l ight ly  anaes the t i zed  wi th  ether,  was d rawn  into a p las t ic  
syringe and i m m e d i a t e l y  added  to the  sodium ci t ra te  so- 
lu t ion  in a sil iconized centr i fuge tube  (1 pa r t  of 3.8% so- 
d ium ci t ra te  solut ion to  9 pa r t s  of blood). The samples  
were  cent r i fuged for 13 min  a t  1000 rpm.  The s u p e r n a t a n t  
p la te le t - r ich  p l a sma  was col lected by  siliconized Pas t eu r  
p ipe t s  and t r ans fe r red  into a plast ic  conta iner ;  the  p la te le t  
coun t  was e s t ima ted  according to  REES and ECKER ?. The 
P R P  was t h e n  d iv ided  in to  po lys ty rene  tubes,  s tored  at  
r o o m - t e m p e r a t u r e  (18-20 ~ for the  subsequen t  examina -  
t ion  of t he  opt ical  dens i ty  by  '169 P la te le t  Aggrega t ion  
Meter '  (Evans  e lec t rose lenium Ltd) .  The st i rr ing ra te  was 
2800 rpm.  

Since the  change  of opt ical  dens i ty  varies w i th  t he  pla- 
t e le t  coun t  each resul t  ob t a ined  was corrected by  referr ing 
i t  to a s t a n d a r d  n u m b e r  of cells (250,000/ml)s. The drugs  
used were:  NaaADP  (C.F. Boehr inger  & S6hne G m b H ,  
Mannheim)  ; h i s t amine  dichloride (Merck AG, D a r m s t a d t )  ; 
48/80 (Wellcome Resea rch  Labora to r ies ,  Beckenham) ;  
NaH~PO 4 �9 H20 (Merck AG, Darms tad t ) .  
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Results. 1. Figure  1 shows t h a t  h i s t amine  does no t  inter-  
fere w i th  A D P - i n d u c e d  p la te le t  c lumping  if added  at  the  
same t ime  as A D P ;  b u t  if h i s t amine  is previously  (1-5 min) 
added  to  the  p lasma,  the  subsequen t  addi t ion  of A D P  pro-  
vokes  a grea ter  c lumping  effect.  This p h e n o m e n o n  is well 
ma rk ed  if t he  lapse of t i m e  be tween  the  addi t ion  of t he  
two  subs tances  is 5 min.  I t  is, however ,  possible to  inh ib i t  
t he  p o t e n t i a t i n g  effect  of t he  p r e t r e a t m e n t  of p la te le t s  
wi th  h i s t amine  if Na  H~PO~ (final concen t ra t ion  6.5 • 10 -6 
M) is c o n t e m p o r a r y  added  to  P R P  wi th  h is tamine .  In  
th is  case, however ,  t he  c lumping  effect  of A D P  is also 
grea t ly  reduced.  The influence of h i s t amine  on the  effect  
of ADP,  as shown by  Figure  2, involves  only the  aggrega- 
t ion  phase  because the  p la te le t  d isaggregat ion has  t he  
same t ime  course e i ther  w i th  or w i t h o u t  h i s t amine  pre-  
t r e a t m e n t .  

2. In  71 expe r imen t s  we used a h i s tamine- l ibe ra to r  
(48/80) which  was added  to  P R P  at  t he  same lapses of 
t ime  before A D P  as h is tamine .  The final  concen t ra t ion  of 
48/80 was 9 ~g/ml. By  using higher  concen t ra t ions  of 
48/80 to 45 ~g/ml we have  no t  observed an increased ef- 
fect.  Af ter  the  subsequen t  addi t ion  of A D P  (final concen-  
t ra t ion  9.12 • 10-sM) the  behav iour  of p la te le ts  t hus  t r ea t -  
ed was roughly  similar to  t h a t  of p la te le ts  t r ea t ed  wi th  
h i s t amine ;  never the less  the  c lumping  effect of A D P  
appeared  increased to  a lesser ex t en t  wi th  48/80 r a the r  
t h a n  wi th  h is tamine .  

Discussion. The p resen t  resul ts  show t h a t  the  c lumping  
effect  of A D P  is increased if h i s t amine  is i ncuba ted  wi th  
p l a sma  for a brief lapse of t ime  (1-5 min) before A D P  ad- 
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Fig. 2. The average raising in the O.D. observed in 27 (a) and 18 (b) 
experiments following its maximal reduction. Note that 0 time indi- 
cates the peak of the maximal platelet aggregation a) in PRP ADP; 
b) in PRP + histamine (added 300 see before ADP) 2_ ADP, respect- 
ively. 

Fig. 1. Changes in O.D. observed: a) in PRP + ADP; b) in PRP + 
histamine + ADP (both added at 0 time); c) in PRP + histamine 
(added 60 sec before ADP) + ADP (added at 0 time); d) in PRP + 
histamine (added 300 see before ADP) + ADP (added at 0 time). The 
final concentration of the drugs was: ADP 9.12 • 10-SM; histamine 
2.5 • 10-~M. Each curve was obtained by averaging the single values 
recorded in the experiments; the n values in parenthesis are the num- 
ber of experiments in each group. We computed the two sample t-test 
for the results obtained in the a) and d) groups of experiments at 
50-100-150 sec. The values of the observed t were greater than the 
limiting value for 0.05 probability. 
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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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