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ascribed to the toxic action itself and seem to be linked to 
the reorganization of the cell. The behaviour of alkaline 
phosphatase is difficult to interpret:  a cholostasis pheno- 
menon does not seem a sufficient explanation. 

These serial investigations point to some conclusions: 
in our experimental conditions the early evidence of 
structural damage from total  extract  of A. phalloides Fr. 
occurs in the nucleus and nucleolus and it is in these struc- 
tures that  the changes begin to regress; the signs of dam- 
age of the cytoplasm and its regression occur after nuclear 
changes. The reversibility of hepatic cell damage in the rat  
varies with the dose given, for there is gradual normaliza- 
tion of the intracellular organelles and enzymatic activity. 

Riassunto. Nel ratto intossicato con estratto di A manita 
phalloide le prime alterazioni strutturali  dell 'epatocita si 
realizzano a livello del nucleo e del nucleolo con formazioni 
di (~nucleolar caps~. Da queste stesse strut ture iniziano i 
fenomeni di regressione delle alterazioni. Le manifesta- 
zioni sia del danno che della sua regressione a livello cito- 
plasmatico risultano essere successive a quelle nucleari. I1 
comportamento del DNA e di alcuni enzimi del tessuto 
epatico ~ risultato nel complesso coerente con le alterazioni 
morfologiche. In rapporto con la dose usata queste altera- 
zioni risultano reversibili poich~ nelle cellule colpite entro 
12 h cominciano i fenomeni di ristrutturazione. 
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Fig.4. 12 h after the poisoning. Depletion of glycogen granules. Dis- 
organization of granular endoplasmic reticulum with dilatation of 
cisternae and loss of ribosomes. OsO 4 fixation. × 31.000. 

Hypercoagulabi l i ty  and Thrombocytopenia  After 

Purified platelet  factor 4 (PF4) possesses several bio- 
logical activities: it neutralizes heparin, i t  precipitates a 
solution of purified fibrinogen and it induces non-en- 
zymatic clotting of soluble fibrin monomer complexes 
(paracoagulation). The latter reaction is strongly inhibited 
by citrate, oxalate and EDTA. PF  4 is rapidly released 
during platelet aggregation induced in platelet-rich plasma 
(PRP) by ADP, thrombin, adrenaline and collagen 1, z. I t  
is also released in vivo following thrombin infusion into 
rabbits 8. PF  4 does not aggregate platelets in PRP,  which 
is probably due to the inhibitory effect of citrate, and it 
only enhances platelet aggregation by ADP. For this 
reason it seemed of interest to study the effects of PF  4 in 
vivo. 

P F  4 was isolated from pig platelets according to 
FARBISZEWSKI et al4. The final product dissolved in 0.9% 
NaC1 contained 160/~g protein/ml. In a dilution of 1 : 8 it 
shortened the heparin thrombin t ime of rabbit  platelet- 
poor plasma from 75-26 sec. Purified PF  4 solution at a 
dose of 5 ml/rabbit  was injected i.v. into the marginal ear 

Platelet Factor 4 Infusion into Rabbits 

vein of 5 rabbits (1.5-2 kg weight). Blood samples were 
obtained by heart  puncture before and 5, 15 and 45 min 
after the injection. Plastic clotting time, platelet  count, 
fibrinogen level, ' s typven '  (Roussel viper venom, Bor- 
rough and Welcome, London) clotting time, and thrombin 
time were determined using routine laboratory methods. 
Platelet  adhesiveness was estimated according to HELLEM 6. 
Moreover, PF  4 was determined in platelet-poor plasma by 
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m e a s u r i n g  h e p a r i n  t h r o m b i n  t i m e  s a n d  b y  t h e  so-cal led 
' p a r a c o a g u l a t i o n '  m e t h o d L  Th i s  m e t h o d  cons is t s  of re- 
co rd ing  t h e  op t i ca l  d e n s i t y  (OD) increase  of a so lu t ion  of 
f ib r in  m o n o m e r  complexes  a f t e r  m i x i n g  w i t h  t h e  t e s t e d  
p l a s m a  wh ich  h a d  p rev ious ly  been  h e a t e d  a n d  dia lysed.  

T h e  F igu re  shows t h a t  t h e r e  is a r ap id  d rop  in p l a t e l e t  
count ,  a cons ide rab le  s h o r t e n i n g  of t h e  p las t i c  c lo t t i ng  
t i m e  a n d  a decrease  of f i b r inogen  level  a f t e r  PF4 in j ec t i on  
i n t o  r abb i t s .  A t  t h e  s a m e  t i m e  O D  increases  in  t h e  ' p a r a -  
c o a g u l a t i o n '  test ,  t h u s  i n d i c a t i n g  t h e  p resence  of p l a t e t e t  
f ac to r  4 in t h e  c i r cu la t ing  p lasma .  T he  T a b l e  shows a 
s h o r t e n i n g  of t he  h e p a r i n - t h r o m b i n  a n d  s t y p v e n  t i m e s  
a n d  a n  e l eva t i on  of f ac to r  V ac t iv i ty ,  t h e  t h r o m b i n  t i m e  
r e m a i n i n g  u n c h a n g e d .  A t  t he  s ame  t i m e  t h e  a d h e s i v e  
p l a t e l e t  c o u n t  increases .  F o u r  r abb i t s ,  i n j ec t ed  w i t h  PF , ,  
d ied  w i t h i n  21/, h a f t e r  t h e  infusion,  one  r a b b i t  su rv ived  
20 h. 

Contrar iwise ,  t he  i.v. i n j ec t i on  of P r o t a m i n e  s u l p h a t e  
(Roche)  - a we l l -known  a n t i h e p a r i n  a n d  p a r a c o a g u l a t i n g  
a g e n t  - in  a dose of 25 m g / r a b b i t  caused  p r o l o n g a t i o n  of 
t h e  p las t i c  c lo t t i ng  t i m e  a n d  d i d  n o t  a f fec t  p l a t e l e t  c o u n t  
a n d  f ib r inogen  level  in 5 a n i m a l s  i nves t iga t ed .  All  t h e  
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Effect of platelet factor 4 infusion in vivo. Mean values from 5 rabbits. 

Effect of platelet factor 4 infusion in vivo 

r a b b i t s  su rv ived .  Th i s  o b s e r v a t i o n  e m p h a s i z e s  a spec i f i ty  
of PF~ a c t i o n  in  vivo.  T h e  infus ion  of sa l ine  i n to  2 r a b b i t s  
was  w i t h o u t  a n y  effect.  

P F ,  a d d e d  to  c i t r a t e  p l a s m a  did  no t  cause  a n y  signi-  
f i can t  mod i f i ca t i on  of t h e  c lo t t i ng  t e s t s  e x c e p t  a s l igh t  
s h o r t e n i n g  of t he  s t y p v e n  c lo t t i ng  t ime.  

I t  c an  be  p o s t u l a t e d  t h a t  t h e  in fus ion  of P F ,  causes  a n  
i n t r a v a s c u l a r  a g g r e g a t i o n  of p t a t e l e t s  fol lowed b y  a n  in-  
c reased  ava i l ab i l i t y  of p l a t e l e t  f ac to r  3 (PF3) on  t h e  cell 
surface.  Th i s  is i n d i c a t e d  b y  t h e  acce le ra t ion  of t h e  s t y p v e n  
c lo t t i ng  t i m e L  D a m a g e  to  t he  p l a t e l e t s  a n d  increased  re- 
a c t i v i t y  of P F  a m a y  t r igger  i n t r a v a s c u l a r  c o a g u l a t i o n  
re f lec ted  b y  t h e  a c t i v a t i o n  of f ac to r  V a n d  s h o r t e n i n g  of 
t h e  p las t i c  c lo t t i ng  t ime.  A decrease  of f i b r inogen  level  
m a y  be  due  to  t h e  i n t r a v a s c u l a r  f o r m a t i o n  of f ib r in  or  to  a 
d i r ec t  ef fec t  of P F  4 on  f ibr inogen .  The  level  of P F  4 in 
b lood p l a s m a  as t e s t ed  b y  t he  ' p a r a c o a g u l a t i o n '  m e t h o d  
c o n t i n u o u s l y  increases  ove r  a 45 rain  period.  I t  is p r o b a b l e  
t h a t  t he  new por t ions  of th i s  f ac to r  are  re leased f rom 
a g g r e g a t e d  p la te le ts ,  t h u s  l ead ing  to  t h e  p o t e n t i a t i o n  of 
t h e  desc r ibed  effects.  

D e g r a n u l a t i o n  a n d  release r eac t i ons  m a y  occur  in v i t ro  
d u r i n g  p t a t e l e t  agg rega t i on  as  well  as  in  v i v o  in  va r i ous  
pa tho log ica l  c o n d i t i o n s  r e l a t ed  to  i n t r a v a s c u l a r  b lood  
c lo t t ing .  THOMAS e t  al. s d e m o n s t r a t e d  t h a t  t h e  release of 
s e ro ton in  f rom p la t e l e t s  is r espons ib le  for m a n y  h a r m f u l  
a n d  even  fa t a l  effects  in t he  course  of p u l m o n a r y  embol i sm.  
Accord ing  to  o t h e r  a u t h o r s  9 release of P F  3 b y  E. cull 
e n d o t o x i n  is obse rved  in t h e  S A N A R E L L I - S C H W A R T Z M A N  

p h e n o m e n o n .  I t  c an  b e  sugges ted  t h a t  t h e  re lease  of P F  4 
in v ivo  r e p r e s e n t s  a n  i m p o r t a n t  s t ep  in t h e  p a t h o g e n e s i s  of 
t he  d e f i b r i n a t i o n  s y n d r o m e  or of diffuse i n t r a v a s c u l a r  
c lo t t ing .  

I t  seems of i n t e r e s t  to  c o m p a r e  t he  effects  of A D P  a n d  
of P F  4. T h e  f o r m e r  subs t ance ,  a h igh ly  specific a g e n t  
agg rega t ing  p l a t e l e t s  in  v i t ro ,  p r o d u c e s  a n  inconsp icuous  
a n d  t e m p o r a r y  d r o p  in p l a t e l e t s  if in fused  i.v. t°, 11. Ve ry  
la rge  non-phys io log ica l  doses  of A D P  are  needed  to  pro-  
duce  t h r o m b o s i s  in  e x p e r i m e n t a l  animalsZ~. On t he  o t h e r  
h a n d ,  i t  is d i f f icul t  to  r evea l  t h e  t r u e  effects  of PF4 in 
v i t ro ,  poss ib ly  due  to  t he  i n h i b i t o r y  effects  of c i t r a t e .  
However ,  t h i s  s u b s t a n c e  is a p o t e n t  a n d  specif ic  a g e n t  
t r igge r ing  p l a t e l e t  agg rega t i on  a n d  b lood  c lo t t i ng  in v ivo .  

Rdsumd. Le f ac t eu r  p l a q u e t t a i r e  4 in jec t6  a u x  lap ins  p a r  
la  vole  i .v.  cause  u n  a b a i s s e m e n t  r a p i d e  de t a u x  de f ibr ino-  
g~ne e t  de  n o m b r e  de p l aque t t e s ,  le r a c o u r c i s s e m e n t  de 
t e m p s  de  coagu l a t i on  e t  l ' a u g m e n t a t i o n  de  p l a q u e t t e s  
adhes ives .  

R.  FARBISZEWSKI, B. LIPII~SKI, 
S. NIEWIAROWSKI a n d  A. POP~AWSKI 

Department o/Physiological Chemistry, 
Medical School Bialystok 8 (Poland), 
19 December 1967. 

Timeafter Tbrombin Heparin- Stypven Factor V Adhesive 
infusion, time, thrombin time, sec platelets, 
min sec time, sec sec % 
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15 (14-15) 45 (42-47) 95 (80-105) 24 (20-25) 27 (18-38) 
14 (14-15) 30 (27-35) 47 (35-54) 20 (16-23) 33 (18-47) 
14 (14-15) 29 (32-22) 45 (29-55) 22 (15-23) 41 (28-60) 
14 (14-15) 3O (37-27) 48 (35-61) 18 (16-19) 44 (29-62) 

Mean values from 5 rabbits. Ranges of variations are indicated in 
brackets. 
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