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REFRACTORINESS OF RED BLOOD CELLS AND PLATELETS 

G. Yao Levin and Yu. A~ Sheremet'ev UDC 612.115 

The effect of proteolytic enzymes and of arachidonic acid on aggregation of red blood cells and 
platelets was studied. These substances were found to stimulate aggregation of the blood cells.  
Prel iminary incubation of fibrinolysin, t rypsin,  and arachidonic acid with suspensions of blood 
cells ,  however, is followed by a marked decrease  in their  ability to aggregate, i .e. ,  by the de-  
velopment of a ref rac tory  state. The possible mechanism of this phenomenon is discussed. 
KEY WORDS: blood cells; aggregation; refractor iness;  proteolytic enzymes; arachidonic 
acid. 

The ref rac tor iness  of platelets began to be studied only in the last decade [11, 13]. The essence of this 
phenomenon is that incubation of platelets with ADP causes them to lose their ability to react  to fresh doses of 
ADP. The state of ref rac tor iness  lasts at least  4 h and, according to the authors cited, it is not connected with 
adenosine formation. 

Although in recent years  new investigations confirming the possible development of ref rac tor iness  of 
platelets during their  incubation with ADP have been published [2, 3,9], the mechanism of this phenomenon r e -  
mains unexplained. As yet ,  moreover ,  the possibility of development of ref rac tor iness  of platelets has been 
described only in relation to ADP. The only exception has been the work of Eika [7], who showed that the second 
wave of adrenalin aggregation in heparinized plasma is depressed and collagen aggregation of the platelets is 
reduced; this is attributed to the development of a re f rac tory  state of the platelets. It is also not clear whether 
refractor iness  is a specific property of platelets or whether other blood cells ,  in part icular  red blood cells 
~BC),  can also develop it. 

The investigation described below was devoted to a study of these problems. 

Arachidonic acid and the proteolytic enzymes fibrinolysin and trypsin were used as the aggregating agents. 
These substances were chosen for the following reasons.  Increased proteolytic activity in the blood is a fairly 
frequent phenomenon and can take place in many different pathological states (shock, hypoxia, etc.) as well as 
during the treatment of thromboembolism by thrombolytic substances Olasmin, s t reptase,  urokinase). Data 
showing the possible aggregating action of these enzymes on platelets have been published [10], whereas v i r -  
tually no attempt has been made to study their  effect on RBC. Arachidonic acid, which aggregates platelets,  
can be regarded in the opinion of several  workers as the key factor of hemostasis and thrombosis [15]. The 
possibility of aggregation of RBC by arachidonic acid likewise has not been established. 

EXPERIMENTAL METHOD 

Aggregation of RBC and platelets was investigated photometrically in an aggregometer.  The degree of 
aggregation was estimated by measuring the maximal amplitude of the aggregatogram (Ma). Donors' RBC 
(I :400) and platelets (300,000-400,000/mm3), washed and resuspended in physiological saline, were studied. 
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TABLE 1. Effect of  Aggregat ing Substances 
on Development  of B e f r a c t o r i n e s s  of BBC 
(M ,m)  

Ma of aggregatogram, mm i 
Aggregating . without i after incub-----'--'---~-I 
agents cubation tio.n for 30 } P 

I m m  i 

Fibrinolysin 
Trypsin 
Arachidonic 

acid 

10 21,121,48 ] 
11 38,72+'1,93 

11 88,024,03 

11,721,05 
21,0-----1,97 

46,423,96 

<0,001 
<0,001 

<0,001 

TABLE 2. Effect  of  Aggregat ing Substances 
on Development  of R e f r a c t o r i n e s s  of P la te le t s  

Aggregating 
agents 

Fibrinolysin 
Trypsin 
Arachidonic 

acid 

Ma of aggregatigram, mm 

11 
10 

10 

without 
incubation 

20,I-----1,92 
37,0~3,09 

58,8-----5,09 

after in- 
cubation for 
30 min 

13,4~I,25 
22,0-----2,09 

33,4-"-2,75 

<0,01 
<0,001 

<0,001 

Aggregat ion of the blood ce l l s  was  induced by t ryps in  (0.5 m g / m l ) ,  f ibr inolysin (500 u n i t s / m l ) ,  and arachidonic  
acid (45 mM)~ To study r e f r a c t o r i n e s s ,  the aggregat ing  agents  we re  added to suspens ions  of blood ce l l s  twice 
(their final concentra t ion  co r re sponded  to the control ) :  before  incubation,  and a f t e r  incubation but be fo re  i n t r o -  
duction of a suspens ion  into the a g g r e g o m e t e r .  Incubation (without mixing) was c a r r i e d  out at  room t e m p e r a -  
tu re  for 25-40 mill. 

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

Fibr inolys in ,  t r yps in ,  and araehidonic  acid caused m a r k e d  aggregat ion  of  both p la te le t s  and e ry fh rocy tes  
if  studied in the a g g r e g o m e t e r  immed ia t e ly  a f t e r  addition of the above-ment ioned  subs tances  (Tables 1 and 2). 
Meanwhile,  pre incubat ion  of the aggrega t ing  agents  with suspens ions  of  bleed ce l l s  was followed by a m a r k e d  
d e c r e a s e  in the i r  abi l i ty to agg rega t e ,  i .e . ,  by the development  of  a r e f r a c t o r y  s ta te .  Under these  c i r c u m s t a n c e s  
the blood ce l l s  did not comple te ly  lose  the i r  abi l i ty to agg rega te ,  but the deg ree  of aggregat ion  fell sharp ly .  In-  
cubation for sho r t  per iods  (10-15 min) did not cause  the development  of  r e f r a c t o r i n e s s .  With an i n c r e a s e  in 
the incubation per iod  to 40-50 min ,  the in tensi ty  of r e f r a c t o r i n e s s  a lso  increased ,  This is a lso  shown by the 
following fact.  Aggregat ion of RBC by arachidonic  acid in some  c a s e s  was accompanied  by m a r k e d  hemolys i s .  
Pre incubat ion of the RBC with arachidonic  acid in these  ca se s  e i ther  p reven t s  hemolys i s  f rom developing o r  
delayed its appea rance .  

As was s ta ted above,  the m e c h a n i s m  of deve lopment  of  r e f r a c t o r i n e s s  has  not yet  been explained. How- 
eve r ,  on the bas i s  of  p rev ious  inves t igat ions  [2, 3, 9] and the r e su l t s  now obtained some  defini te ideas on this 
quest ion can be put forward .  

The m o s t  impor tan t  fac tor  governing aggrega t ion  of  p la te le t s  is a change in the i r  shape (the "pro t rus ion"  
of pseudopodia,  etc,) [4, 14]. According to obse rva t ions  by (klesskaya [4] and Salzman et al.  [14], under the in-  
fluence of aggregat ing  agents  A T P a s e  ac t iv i ty  of thrombosthenin  (the con t rac t i l e  pro te in  of pla te le ts)  is inhi-  
bi ted,  it r e l a x e s ,  and as  a r e su l t ,  the su r f ace  of the p la te le t s  is changed. 

The shape  of the RBC a lso  depends on the con t rae t i l e  pro te in  of  the i r  m e m b r a n e ,  which p o s s e s s e s  A T P a s e  
ac t iv i ty  [8]. It has  r ecen t ly  been shown that hydro lys i s  of  the phospholipids of the BBC m e m b r a n e  is a c c o m p a -  
nied by a d e c r e a s e  in i ts  A T P a s e  act ivi ty  [6]. 

The pro teo ly t ic  enzymes  used ac t iva te  phosphol ipase  [12], which hydro lyzes  phospholipids ,  and in that way 
they p robab ly  inhibit the A T P a s e  ac t iv i ty  of  the cont rac t i l e  pro te in  of  the blood cell  m e m b r a n e s .  Arachidonie 
acid fo rmed by hydro lys i s  of  phospholipids m a y  be one of the agents  that d i rec t ly  inhibit A T P a s e  ac t iv i ty ,  as  a 
r e su l t  of  which the shape of the blood ce l l s  is a l t e red  [15]. It s e e m s  l ikely that if the blood ce l l s  a r e  mixed ,  
d e f o r m a t i o n . f  cell  m e m b r a n e s  will be followed by aggregat ion.  If, however ,  the blood cel ls  a r e  incubated with 
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aggregat ing agents without mixing,  aggregation does not a r i se .  Meanwhile ATPase  act ivi ty  falls to a ce r ta in  
c r i t ica l  level ,  and subsequent addition of aggregat ing agents can no longer change it significantly.  Under these 
c i r cums tances  a s ta te  of r e f r a c t o r i n e s s  a r i se s .  13egions of the m e m b r a n e  respons ib le  for  adhesion of blood 
cel ls  a re  perhaps  "closed" or  "blocked" at  this t ime [9]. 13estoration of the ATl=~ase act ivi ty of the cont rac t i le  
prote in ,  as shown in [9], leads to r e s to ra t ion  of the shape of the cel ls  and to d isappearance  of  r e f r ac to r i ne s s .  

The phenomenon of  r e f r a c t o r i n e s s  as a general  response  of blood cel ls  to aggregat ing agents ,  as  es tab-  
l ished by these  exper iments ,  may  help to explain the cont rad ic tory  data for  the action of these  substances on 
aggregation.  For example,  plasmin i t se l f  is known to induce aggregat ion of platelets  [ 10] , whereas  the re  is 
information that following adminis t ra t ion  of plasmin to patients aggregat ion of the pla te le ts  is reduced  [1]. In 
the second case  the platelets  were  evidently in a s tate  of r e f r a c t o r i n e s s .  Data on the aggregat ing action of 
plasmin o f  platelets  [10] also become unders tandable:  Incubation of platelets  with f ibrinolysin for a shor t  time 
inc reases  the degree  of ADP aggregat ion,  whereas  prolonged incubation reduces  it. The same applies also to 
hepar in ,  for  d i f fe rences  in the conditions of investigation with hepar in  (exper iments  in vivo and in v i t ro ,  dif-  
ferent  t imes  of incubation, and so on) have caused some workers  to r ega rd  it as an antiaggregating substance 
[ 5 ],  whereas  o thers  dec la re  that hepar in  s t imulates  platelet  aggregation [7]. The p resen t  resu l t s  explain the 
reason  for these  contradict ions .  
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