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Synthetic ni t rogenous cat ionic po l ym er s  p o s s e s s  the ability to aggregate  p la te le ts  in c i t ra ted  
p l a sma  in a concentra t ion of 1.5-10 g g /ml .  The action of polycat ions on pla te le ts  leading to 
thei r  aggregat ion is brought  about, if the ce l l s  a re  in a functionally act ive s ta te ,  through ac -  
t ivation of the endogenous aggregat ion mechanism.  
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Evidence that p la te le ts  contain an endogenous mechan i sm,  s t imulat ion of which leads to ce l lu lar  con t r ac -  
tion, a change in the shape of the p la te le ts ,  their  aggregation,  and a l ibera t ion reac t ion  has r ecen t ly  been ob- 
tained [9, 13, 16-18].  It is a s sumed  that the biogenic ac t iva to rs  of this p r o c e s s  (ADP, thrombin,  collagen, 
ca techolamines ,  serotonin) cause  the in t race l lu la r  l iberat ion of ca lc ium ions, which mediate  the ATP-dependent  
e f fec tor  m e c h a n i s m s  of the cell  [4, 6]. The synthetic  and natural  polycat ions - bas ic  polypeptides (polylysine, 
pro tamine ,  Trasy lo l ) ,  ionenes (Polybrene),  DEAE-dext ran ,  etc. - consti tute a new c l a s s  of s t imu la to r s  of 
platelet  aggregat ion [3, 5, 7, 8, 10-12, 14-16]. These  compounds p o s s e s s  high membrane  activi ty and a var ied  
biological  action. It is not c lea r ,  however,  whether  or  not polycat ions induce pla te le t  aggregat ion by act ivat ion 
of the endogenous mechan i sm or whether  their  act ion cons is t s  essen t ia l ly  of a phys icochemica l  p r o c e s s  of 
f locculation of the cel ls .  

The object  of this investigation was to shed light on this problem.  

E X P E R I M E N T A L  M E T H O D  

The aggregat ing  action of 20 wa te r - so lub le  synthetic n i t rogen- ,  su l fur - ,  and phosphorus-conta in ing poly-  
m e r s  of d i f ferent  s t ruc tu re  on pla te le ts  was studied in expe r imen t s  in vitro.  P l a t e l e t - r i ch  p l a sma  was ob- 
tained f rom a r t e r i a l  blood of dogs anesthet ized with pentobarbi ta l  sodium (25 mg/kg) ,  s tabi l ized with 3.8% 
sodium c i t ra te  solution. Aggregation of the pla te le ts  was r eco rded  by a tu rb id imet r ic  method [1, 2]. The 
ability of the compounds to cause  aggregat ion was studied by compar i son  with ADP on their  addition to p la te -  
l e t - r i ch  p l a sma  or  to pla te le ts  washed once and suspended in Owren--Koller medinal  buffer  (pH 7.3). To analyze 
the mechan i sm of action of the po lymers ,  ATP (8.10 -~ M), asp i r in  (1 mg/ml ) ,  po tass ium cyanide (1 mg /ml ) ,  
and EDTA (0.2 mg/ml )  were  used. 

E X P E R I M E N T A L  R E S U L T S  

The expe r imen t s  showed that some po l y mer s  of the s t rongly polyba'sic type a re  able to aggrega te  p la t e -  
le ts  in c i t ra ted  p l a s m a  in concentra t ions  of 1.5-10 ~ g /ml ,  which a r e  comparab le  with the aggregat ing  concen-  
t ra t ions  of ADP. At the s ame  time, mos t  of the polybases  studied exhibited no such act ivi ty  or their  action 
was detectable  only in doses  of about 10 ~g/ml .  Charac te r i s t i ca l ly ,  only the n i t rogen-conta ining polycations 
p o s s e s s e d  aggregat ing  p rope r t i e s ,  whereas  polysulfonium and polyphosphonium sa l t s  had no such action in 
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Fig. 1. Aggregat ion of pla te le ts  under the influence of PMP and ADP 
in c i t ra ted  and EDTA plasma.  A) Dose -e f fec t  cu rves  of PMP (1) and 
ADP (2) in c i t ra ted  p l a t e l e t - r i ch  p lasma.  Abscissa ,  concentra t ions  of 
aggregat ion inducers ,  ~g /ml ;  ordinate,  aggregation,  %; B) action of 
PMP on pla te le ts  in EDTA p l a sma  before (3) and af ter  (4) addition of 
ca lc ium chloride in concentrat ion of 0.5 mg /mi .  Absc issa ,  t ime of 
aggregat ion,  rain; ordinate,  aggregation,  %. Ar rows  indicate t imes of 
addition of PMP. 

concentra t ions  not exceeding 100 ~ g / m l .  A'mong the most  active compounds were  polymethylene piperidine 
(PMP), its qua te rna ry  N-diethyl analog, the aminoethyl  e s t e r  of methacry l i c  acid, and polyvinylace ta tepyr id ine-  
chloride,  with a molecu la r  weight of ove r  50,000. 

Aggregat ion of pta te le ts  suspended in p l a sma  produced by polycations di f fers  significantly in its kinet ics  
and c h a r a c t e r  of its dose--effect curve f rom the p roce s s  induced by ADP. Fo r  instance,  over  a wide range of 
concentra t ions  (from 100 to 5 ~g/ml) ,  polycations produced maximal  aggregat ion and a dec rea se  in dose led 
only to an inc rease  in the latent  per iod of the react ion,  the duration of which could vary  f rom a few seconds to 
3 min or more .  If the aggregat ion  had begun, as a rule it continued until the end a t  the same  ra te  as in higher 
concentra t ions  of the polymer .  Only within a nar row range of concentrat ions,  for example ,  between 2.05 and 
1.42 ~g /ml  for PMP, was a gradual  dependence found between dose and aggregat ing effect.  The cor responding  
switch f rom min imal  to max ima l  degree  of platelet  aggregat ion for ADP requi red  a tenfold inc rease  in the 
concentrat ion of the inducer La the medium (Fig. 1A). 

The p roce s s  of pta te le t  aggregat ion induced by polycat ions,  unlike that of ADP aggregation,  is not inhibit-  
ed by A T P  and aspir in.  Meanwhile EDTA and potass ium cyanide blocked the action of both polycations and 
ADP (Table 1). The addition of calc ium chloride to EDTA p la sma  in a dose of 0.5 mg /ml ,  which did not cause  
spontaneous f ibrin format ion  or platelet  aggregation,  r e s t o r e d  the effect  of the po lymer  (Fig. 1B). Polycat ions 
di f fered f rom ADP by inducing aggregat ion of washed pla te le ts  suspended in Owren-Kol le r  buffer.  In this case  
the aggregat ing effect  of the polycations was dist inct ly dependent on dose, and the dynamics  of the aggregat ion 
p rocess ,  unlike that of p la te le ts  suspended in p lasma,  was biphasic in character~" After  the f i r s t  wave of de -  
c r e a s e  in optical  density,  r e c o r d e d  af ter  15-20 sec,  the veloci ty of the p roce s s  began to dec rease ,  and this was 
followed by a second wave of aggregat ion (Fig. 2). 

It can be concluded f rom the analys is  of these data that the action of polycations on pla te le ts ,  leading to 
thei r  aggregation,  is exer ted  on ce l l s  in a functionally active state through the act ivat ion of the endogenous 
mechan ism of aggregation.  This conclusion is supported by evidence of the exis tence  of a latent  per iod of ag-  
gregat ion , which depends on the dose of the po lymer ,  the sensi t iv i ty  of the p roces s  to cyanide, an inhibitor of 
cell  resp i ra t ion ,  and requi r ing  calc ium ions. This conclusion i s  also conf i rmed by the fact  that the dynamics  
of polycat ion-induced aggregat ion of pla te le ts  in Owren-Kol le r  buffer is biphasic in cha rac t e r ,  just  as during the 
action of biogenic inducers of aggregat ion (ADP, collagen, thrombin} on pla te le ts  in p lasma.  The appearance  
of the second wave of aggregat ion of pla te le ts  suspended in p l a sma  is known to be due to the format ion  of  en-  
dogenous aggregat ion fac tors ,  espec ia l ly  ADP, or of one of the in te rmedia te  products  of pros taglandin  E~ syn-  
thesis ,  namely  cyclic endoperoxide [ 18], and their  l iberat ion f rom the plate le ts .  Meanwhile,the action of poly-  
cat ions on pla te le ts  is evidently not connected with these agents,  for nei ther  ATP (an inhibitor of ADP aggrega -  
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Fig. 2. Aggregation of p la te le ts  suspended in Owrerr--Koller buffer  
(pH 7.3) as a function of PMP concentra t ion (in g /ml ) .  Concen t ra -  
tion of PMP, g /ml :  1) 0.31"10-'5; 2) 0.62"10-'5; 3) 1.25.10-5; 4) 2.5.10-5; 
5) 1.0.10 -~. 

TABLE 1. Effect  of ATP, Aspir in,  and 
Po ta s s ium Cyanide on P la te le t  Aggregation 
Induced by PMP and ADP 

Aggrega- 
tion in- 
ducer 

PMP 
ADP 

Concert- Aggregation (in %) in medium containing 
[trati~ ~ . . . . . . .  
[ #g/ml ~:C~ A TP anSPlr-KCN 

[solution [ I 

10,0 87 22 8 

tion) nor asp i r in  (an inhibitor of prostaglandin synthesis)  blocks the action of polycat ioas.  The mechan i sm of 
aggregat ion of p la te le ts  by polycations can probably be reduced to their  abili ty to s t imulate  in t race l lu la r  l i be ra -  
tion of calc ium ions, which play the role  of endogenous ac t iva tors  of aggregation.  This p roper ty  of the poly-  
cations is due not only to the p resence  of multiple posi t ive charges  in the macromolecu le ,  but also to its s t r u c -  
tural  fea tures .  This la t ter  fact  may perhaps  explain why some polybases ,  notably DEAE-dext ran ,  p ro tamine  
sulfate,  polylysine,  and Polybrene,  aggregate  pla te le ts  in EDTA p la sma  and in the p resence  of inhibitors of cell  
r e sp i r a t ion  [ 3, 5, 12]. 

Synthetic polycations can thus be r ega rded  as ac t iva to rs  of physiological  p r o c e s s e s  in s e c r e t o r y  cel ls ,  
in which ca tegory  pla te le ts  a re  known to belong. 
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