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In  anaes thet ized  guinea-pigs the  h u m a n  AT prepara-  
t ion specifically described evoked severe bronchospasm 
at  doses of 2 mg/kg.  The  spasm was preceded by  a short  
period of respi ra tory  s t imula t ion  and was accompanied  
by  a biphasic blood pressure response (fall followed by  
a rise). The  same s y m p t o m s  have  been observed pre- 
viously af ter  inject ion of purif ied hog AT 6. Doses of 
h u m a n  and hog AT which were equa l ly  effect ive in the  
isolated guinea-pig i leum prepara t ion  were also about  
equ iva len t  in producing the  in v ivo  effects. Af te r  desen- 
s i t izat ion of a guinea-pig to the  bronchial  effect of human  
AT, the  an imal  was also insensi t ive to hog AT. 

Anaphy la tox in  also formed when human  serum was 
incubated  wi th  the  AT-forming  enzyme of cobra venom.  
Again,  in order to recognize the  ac t iv i ty  i t  was necessary 
to pur i fy  the  ac t ive  principle and to concent ra te  it. 
Traces of AT  were found occasionally af ter  f rac t ionat ion  
of non- incuba ted  sermu. W h e n  port ions  of these sera 
were ac t iva ted  by  con tac t  or wi th  the  cobra enzyme,  
t hey  developed addi t ional  AT  act ivi ty .  

These results demons t ra t e  t ha t  i t  is possible to generate  
AT  ac t iv i ty  in whole h u m a n  serum by  classical methods.  
I n  its biological propert ies  the  human  AT is ident ical  
w i th  o ther  ATs, and it  apparen t ly  acts on the  same 
receptors,  thus  producing  the  phenomenon  of cross- 
t achyphylax is .  Recen t ly  DIAS DA SILVA and LEt 'ow 7,s 
de tec ted  a smooth-musc le-cont rac t ing  principle  in incu- 
bates  of h u m a n  complemen t  factors C'1, 4, 2 and 3; 
the  substance was a c leavage p roduc t  of C'3 and was 
described as AT. I t  differed, however,  f rom classical 
ATs in var ious  biological  propert ies  and in tha t  i t  did 
no t  form or was inac t iva ted  in whole h u m a n  serum. 
Whereas  these differences could have  been par t ly  ex- 
p la ined by assmning species differences, the  present  
exper iments  show t h a t  such differences do no t  exist.  
R a t h e r  AT  appears  to be a unique  substance which 

does not  show gross funct ional  differences in different  
species, as regards fo rmat ion  and actions. The  h u m a n  
C'3 c leavage p roduc t  is not  AT, as i t  has been inves t iga ted  
and described since its d iscovery  by  FRIEDBERGER. 
Smooth-musc le  cont rac t ion  wi th  t achyphy lax i s  is no t  
sufficient to character ize  AT;  th is  act ion is c o m m o n  to 
several  pept ides  of venoms,  phosphol ipase  A, serum 
kininogenases,  t rypsin,  etc . ;  some of these substances 
also release h is tamine  f rom tissues. 

A specific cr i te r ium for AT is the  phenomenon  of cross- 
t achyphylax i s  wi th  a classical A T  preparat ion.  

Zusammen/assung. Es ist  mSglich, such  in mensch-  
l ichem Serum eine Anaphy la tox inb i ldung  (AT) durch 
Kon tak take iv ie rung  oder Kobrag i f t  zu induzieren.  Wegen  
der  geringen Mengen,  die entstehen,  muss das wi rksame 
Pr inzip  vor  dem biologischen Nachweis  angere icher t  wer- 
den. Menschliches A T  verh/i l t  sich in allen un te rsuchten  
Eigenschaf ten  wie A T  aus anderen Plasmaar ten .  Es  un- 
terscheidet  s i c h  yon  dem da rmkon t rah ie renden  Spalt-  
p roduk t  aus der menschl ichen K o m p l e m e n t k o m p o n e n t e  
C'3, das mi th in  nicht  als A T  angesprochen werden kann.  
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The Induction of Blood Platelet Aggregation by Divalent Cations 

The view t h a t  d iva len t  cations are i m p o r t a n t  in p la te le t  
cohesion is suppor ted  by  t i le observa t ion  t h a t  p la te le t  
aggregates are disrupted and p la te le t - to-p la te le t  adhesion 
is p reven ted  by  chela t ing agents such as e thylenediamine-  
t e t r aace ta t e  (EDTA) or Citrate 1. The  adhesive  p rope r ty  
of the  pla te le ts  is regained when the  concent ra t ion  of the  
d iva len t  cat ions in the  med ium is normal ized ~. The  
c lumping of pla te le ts  can be induced by  aggregat ing 
agents  such as adenosine d iphosphate  (ADP) 3, 5-hydroxy-  
t ryp tamine ,  the  ca techolamines  and t h rombin  4 in the  
presence of an  appropr ia te  concent ra t ion  of ca lc ium 5. 
I n  addit ion,  ca lc ium and magnes ium themselves  are 
capable  of inducing aggregat ion when added to the  pla- 
te le t  suspension s. This  paper  deals wi th  the  effect of 
calcium, magnesium,  s t ront ium,  bar ium, manganese,  zinc 
and nickel on p la te le t  aggregat ion in s t i rred pla te le t - r ich 
p lasma (PRP).  

Materials and methods. The nephelometr ic  me thod  used 
to assess p la te le t  aggregat ion was similar  to t ha t  or iginal ly  
used by  BORN 3 a n d  has been described ful ly e lsewhereL 
Cit ra ted P R P  f rom sheep was used in these exper iments  
which were carried ou t  at  37 ~ The meta l  salt  solutions 
(analyt ical  reagent  qual i ty)  were prepared  in barb i tone  
buffered saline and the  vo lumes  used did not  exceed 
0.1 ml  per  3 ml  samples of P R P .  Other  drugs used were:  
ADP,  adenosine and 5-HT (SIGMA), bromolysergic  acid 
d ie thy lamide  (13OL-148, Sandoz) and 2-chloroadenosine 
(prepared by  Dr. M. H. MAGUIRE of this  inst i tute) .  

Results and discussion. All t he  d iva len t  cations tested,  
wi th  the  except ion  of bar ium,  caused pla te le ts  to clump. 
The  pla te le t  response differed qual i ta t ive ly ,  d iv iding the  
cat ions into 2 groups : calcium, magnes ium and s t ron t ium 
(the alkal ine ear th  metals) required a lag period of no t  
less than  2 minutes  before the  onset  of aggregat ion;  
however,  the  t rans i t ion  elements  nickel, zinc and 
manganese,  all caused an immed ia t e  c lumping  response. 
The init ial  rate  of aggregat ion b rought  about  by  magne-  
sium, calcium and s t ron t ium was slow, followed by  a 
rapid c lumping  s tage which t apered  off when the  max ima l  
degree of aggregat ion was achieved.  This  migh t  indicate  
t ha t  a release react ion took  place and t h a t  i t  proceeded 
in stages. Fur thermore ,  the  aggregat ion  caused by  all 
the  me ta l  ions, unl ike t h a t  induced by  A D P  or 5-HT, 
was in all cases irreversible.  The  plots  of the  ini t ial  rates 
of p la te le t  c lumping in response to nickel and zinc were 
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a l m o s t  para l le l  to  those  r ep re sen t ing  aggrega t ion  induced  
b y  A D P  (Figure  1). I n  t he  case of manganese ,  however ,  
t h e  r a t e s  were s lower and  t he  r e s u l t a n t  agg rega t ion  
r eached  only  a b o u t  50% of t h e  m a x i m a l  response  
a t t a i n a b l e  b y  t he  o t h e r  ca t ions .  T he  order  of agg rega t ing  
ef fec t iveness  of t he  d i v a l e n t  ca t ions  was  o b t a i n e d  b y  
c o m p a r i n g  t h e  t i m e  in t e rva l s  needed  for  t he  c l u m p i n g  
induced  b y  t h e  ca t ion  to  r e a c h  a v a l u e  of 50% of t he  
m a x i m a l  change  in op t ica l  dens i ty  of t h e  P R P .  D a t a  in  
t he  Tab le  show t h a t  t he  t r a n s i t i o n  m e t a l  ions were 
more  p o t e n t  in i t i a to r s  of aggrega t ion  t h a n  t h e  a lka l ine  
ear ths .  Nickel  was  t h e  m o s t  ac t ive  ca t ion .  I n  s u b t h r e s h o l d  
concen t ra t ions ,  all  t h e  m e t a l  ions w i t h  t h e  excep t ion  of 
ba r i um,  p o t e n t i a t e d  t he  c lumping  of p la t e l e t s  i nduced  
b y  A D P  or 5-HT. Th e  re l a t ive  aggrega t ing  ab i l i ty  of t h e  
d i v a l e n t  ca t ions  para l le ls  t he  o rder  in  w h i c h  t h e y  are 
able  to  fo rm complexes  w i t h  che la t ing  agen t s  s,9. Th i s  
o b s e r v a t i o n  would  a p p e a r  to  s u p p o r t  t h e  sugges t ion  t h a t  
u n d e r  physio logica l  cond i t ions  A D P  complexes  w i t h  
ca lc ium to  fo rm a n  ac t ive  aggrega to r  1~ 

I n  t h e  p resence  of adenos ine  or 2-chloroadenosine ,  
wh ich  are  specific a nd  com pe t i t i ve  i nh ib i t o r s  of A D P -  
induced  p l a t e l e t  agg rega t ion  n,  x~, t h e  onse t  of c lumping  
caused  b y  t he  d i v a l e n t  ca t ions  was delayed.  W i t h  ade-  
nos ine  wh ich  becomes  r ap i d l y  d e a m i n a t e d  in sheep  
p l a t e l e t - r i c h p l a s m a  18 t h e  de lay  was  shor t .  T he  i n h i b i t i o n  
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Fig. 1. Log dose-response curves for the aggregation of platelets 
in platelet-rieh sheep plasma by ADP (0---@); Nickel (�9 . . . . .  �9 
Zinc ([3---D);  and Manganese (A ... . .  A). The aggregation rates 
were obtained from the initial slopes of the clumping curves and 
expressed in arbitrary units. Each point represents a mean of not 
less than 3 separate measurements. 

The relative effectiveness 0I divalent cations as aggregators of 
platelets in PRP 

Cation Relative Log K 
aggregating (formation 
activity constant 

of metal EDTA 
complex) s 

Transition metals 

Alkaline earths 

Ni 1.00 18.62 
Zn 0.67 16.61 
Mn 0.16 14.04 

Ca 0.13 10.96 
Mg 0.08 8.69 
Sr 0.05 8.63 
13a ~ 0.05 7.76 

Final concentration of 8.8 mM in PRP. 

b y  2-ch loroadenos ine  wh ich  is more  r e s i s t a n t  to  de- 
a m i n a t i o n  t h a n  adenos ine  1~ pers i s t ed  m u c h  longer  
(Figure  2). The  a n t i s e r o t o n i n  a g e n t  BOL-148  specif ical ly  
i nh ib i t s  5 -HT- induced  p l a t e l e t  c l umping  w i t h o u t  a f fec t ing  
agg rega t ion  caused  b y  A D P  ~, 1~. I n  t h e  c lumping  i nduced  
b y  d i v a l e n t  ca t ions  BOL-148  showed no apprec iab le  
effect  on  t he  onse t  a n d  t he  in i t ia l  r a t e  of aggregat ion ,  
however ,  a f t e r  p l a t e l e t s  b e g a n  to  aggrega te  t he  c l u m p i n g  
p roceeded  w i t h  g rea t ly  r educed  veloci ty .  The  resu l t s  
o b t a i n e d  b y  us ing  t he  specific A D P  a n d  5 -HT inh ib i to r s  
i nd i ca t e  t h e  poss ib i l i ty  of t h e  i n v o l v e m e n t  of A D P  and  
5-HT in t h e  d i v a l e n t  c a t i on - induced  p l a t e l e t  aggrega t ion .  
I t  appea r s  l ikely t h a t  t he  p l a t e l e t  r esponse  a n d  t h e  
u l t i m a t e  p l a t e l e t  cohes ion  is a r e su l t  of t h e  l i be ra t i on  
f rom t h e  p l a t e l e t s  of nuc leo t ides  - especial ly  A D P  - 
which  in i t i a t e  t h e  aggregat ion ,  a n d  pha rmaco log i ca l l y  
ac t ive  amines ,  pa r t i cu l a r l y  serotonin ,  wh ich  re inforce  a n d  
acce lera te  t he  c l u m p i n g  response.  

A B 

A 

Fig. 2. The aggregation curves for platetet clumping induced by 
nickel (420 ~zM) in the absence of inhibitors (A) ; and in the presence 
of 5 ~zM Adenosine (B), 8 ~zM BOL-148 (C), and 1 ~M 2-Chloro- 
adenosine (D). The inhibitors were pre-incubated in the plasma for 
3 min prior to the addition of nickel (at A). 

Zusammenfassung. I m  b lu tp l~kt tchenhal t igen  P l a s m a  
w u r d e n  die T h r o m b o z y t e n  d u r c h  Nickel,  Zink,  Mangan ,  
Ka lz ium,  M a g n e s i u m  u n d  S t r o n t i u m  aggregier t ,  wobe i  
Nickel  die s t i i rks te  Wi rku l lg  h a t t e .  A d e n o s i n - A n a l o g a  
u n d  A n t i s e r o t o n i n  u n t e r d r i i c k t e n  den  Effekt ,  was  d u r c h  
die F re i s e t zung  v o n  A D P  u n d  Se ro ton in  aus  den  T h r o m b o -  
z y t e n  b e d i n g t  zu sein schein t .  
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