
TABLE 1. Aggregation of Pla te le ts  Induced by ADP in Suspension 
After  Addition of P lasma Fac tor  XItla (200 uni t s /ml)  

Components added 

inactive factor thrombin in dose 
XiII used to activate 

factor XIII 

Statistical inde~ 0.8~oNaC1 
solution factor XIK a 

M + m  1,78--4~,14 2,27-t-0.09 
n 6 6 
P <o,01 

Note. P calculated by comparison with control 

I 
1.88+0,15 I 1,85-1-0,19 

>0,01 / >o,01 
'addition of 0.85*~NaC1 solution)~ 

The exper iments  descr ibed  above thus yielded evidence to show that platelet  fac tor  XIII, like p lasma 
factor  XIII, inc reases  the degree  of platelet  aggregat ion induced by ADP. 
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S H A P E  A N D  A G G R E G A T I O N  IN A C O N T I N U O U S - F L O W  S Y S T E M  

R .  A .  M a r k o s y a n ,  E .  G .  P o p o v ,  
a n d  A .  Y u .  R s d i n  

UDC 612.111.7-087.5 

An original apparatus is descr ibed  for photometr ic  investigation of the shape of platelets  during 
the i r  aggregation and disaggregat ion in a continuous flow sy s t em .  Exper iments  on a model of 
s tenosed blood vesse l  showed that in the p resence  of ADP (1 /~M) stenosis  potentiates platelet  
aggregation in p la te le t -enr iched  rabbit  p lasma.  

A change in the shape of piatelets  and in the i r  aggregation and disaggregat ion may play an essent ia l  role 
in thrombus format ion [1]. Methods of investigation of the functiona[ p roper t i es  of platelets  used at the p resen t  
t ime enable the behavior  of a platelet  suspension in plasma to be studied in a tes t  tube, but not in a c o n t i n u o u s -  
flow sys tem,  although hemodynamic forces  can have a significant effect  on the functional p roper t i es  and behav-  
ior  of platelets  during thrombus format ion [2]. The optical density of a suspension of platelets in plasma has 
been shown to depend on the i r  shape and or ien ta t ion  [3], for  the sca t t e r  d iagram of an ell ipsoid of rotat ion is 
de termined by its position re la t ive  to the d i rec t ion of incidence of light. The investigation descr ibed below 
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Fig.  1. Block d iagram of apparatus for  studying effect  of 
var ious  geometr ic  p a r a m e t e r s  of the vascu la r  sys tem on 
functional p roper t i es  of p la te le ts .  

showed that a photometr ic  method can be used to study the p roper t i es  of platelets  in plasma while flowing 
through a sy s t e m  simulat ing a segment  of the vascular  sys tem under normal  conditions and in the p resence  of 
pathological fac tors  manifested as a change in the geomet r ic  p a r am e te r s  of the segment  of the vascu la r  s y s -  
t em,  namely s tenos i s .  

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

To study the effect  of different  geomet r ic  conditions on functional p roper t ies  of the platelets  an apparatus 
(Fig. 1) was devised whereby the or ienta t ion of nonspher ical  blood cells  in the blood flow, the shape of the 
platelets  and its changes with t ime ,  aggregat ion and disaggregat ion of the pla te[ets ,  and the effect  of the vas-  
cular  sy s t e m  and, in pa r t i cu la r ,  of a s tenosed region,  on the functional p roper t i e s  of the platelets  could be 
s tudied.  

The apparatus  consists  (Fig. 1 ) o f  a hel ium-neon lase r  (1), dividing plates (2,3,5) ,  f i l ters  (4,8,9) ,  d ia-  
phragms (10,11,13,14) ,  photodetectors  (6, 7 ,15,16) ,  a model of the vascu la r  sys t em (12), ra t io  m e t e r s  (17-19), 
a sys tem for  maintaining the flow (21), and a r e c o r d e r  (20). The apparatus works as follows. Light f rom the 
l a se r  is divided by the dividing plate (2) into two beams of equal intensity.  The f i r s t  beam passes  through the 
f i l ter  (4) and is divided by the dividing plate (5) so that some of the light fails on the compar i son  photodetector  
(6), whereas  the r e s t  passes  through the f i l ter  (8), diaphragm (10), model of the vascu la r  sys t em (12), and 
diaphragm (13), and falls o n t h e  photodetector  (15). Signals f rom the photodetectors  (6 and 15) are  led to the 
ra t io  me t e r  (17) and the resu l t  is r eco rded  by the r e c o r d e r  (20) and is also led to the ra t io  me te r  (19). The 
second beam f rom the dividing plate (2) falls on the dividing plate (3) so that some of the Iight falls on the com-  
par ison photodetector  (7), whereas  the r e s t  passes  through the f i l ter  (9), d iaphragm (11), model of the vascular  
sys tem (12), and diaphragm (14) and falls on the photodetector  (16). Signals f rom the photodetectors  (7 and 16) 
a re  led to the ra t io  m e t e r  (18), and the r e su l t  is r eco rded  by the r e c o r d e r  (20), and also led to the ra t io  me te r  
(19), where it is compared  with the signal a r r iv ing  f ro m  the ra t io  m e t e r  (17); the r e su l t  of Comparison is also 
r eco rded  by the r e c o r d e r  (20). 

When the optical densi ty of the sample is constant ,  signals at the output of the ra t io  m e t e r s  (17-19) also 
a re  constant .  Measurement  of the optical densi ty of the spec imen throughout its volume s imultaneously  leads 
to mismatching of the signals f rom the photodetectors  (6 and 15 and also 7 and 16). These signals are  r eco rded ,  
af ter  the ra t io  m e t e r s  (17 and 18), by an automatic wr i t e r  (20). The r e s t r i c t ing  diaphragms (10,11,13,14)  
shape the optical channels p roximal ly  and distal ly to the model of s t enos i s .  

As a mode[ of the s tenosed vesse l  a glass tube with a bore  of 2.5 mm was used.  The middle par t  of the 
tube was narrowed to a d iamete r  of 0.6 mm and the length of the s tenosis  was 10 m m .  Blood was obtained by 
d i rec t  puncture f rom the rabbi t ' s  hear t  and stabi l ized with 3.8% Na c i t ra te  in the ra t io  of 9 : 1. P la t e l e t -  
enr iched p lasma was obtained f rom the blood by centr ifugal[on.  
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Fig .  2. Aggregat ion  of pla te le ts  in optical  channels p r o x i -  
mal ly  and dis ta l ly  to  s tenosed reg ion  of model  blood v e s s e l  
a f t e r  addition of ADP (1 #M) to p la te le t -enr iched  p l a s m a .  
Curve 1) aggregat ion  in p rox ima l  channel;  2) aggregat ion  
in d is ta l  channel .  

EXPERIMENTAL RESULTS 

Stat ionary p la te le t -enr iched  p l a s m a  was se t  in motion by s t a r t ing  up a pe r i s t a l t i c  pump,  giving a p l a s m a  
flow ra te  of 0.3 m l / s e c .  The optical  densi ty  of the p l a sma  under these  c i r cums t ances  fel l  sha rp ly  (the light 
t r a n s m i s s i o n  was increased) ,  evidence of an o rde r ly  or ienta t ion of the s y s t e m  of d i sk - shaped  pla te le ts  (Fig. 
2). Af ter  the flow had stopped under  the influence of brownian fluctuations the or ienta t ion of the p la te le ts  b e -  
came i r r e g u l a r  again and re turned  to its initial  s ta te  with chaotic or ientat ion of the ce l l s .  The light t r a n s m i s -  
s ion cor responding ly  re tu rned  to its initial  l eve l .  Start ing and stopping the pump c rea t ing  flow thus enabled 
the initial s ta te  of the pla te le t  suspens ion  to be de te rmined  and its changes a s s e s s e d  in the course  of the e x p e r -  
iment .  

On the addition of ADP in a final concentra t ion  of 1 #M to the p l a s m a  an inc rease  in optical  densi ty  of 
the spec imen  was observed  in both the p rox ima l  and the dis ta l  optical  channel,  due to spheru la t ion  of the p l a t e -  
le t s .  However ,  immedia te ly  a f te r  addition of ADP the optical  densi ty  in the channel d is ta l ly  to the s tenos is  
inc reased  by a l e s s e r  degree  than in the p rox ima l  channel .  The change in optical  densi ty  was due to changes 
in the shape of the pla te le ts  f r o m  d i sk - shaped  to spher ica l ,  on the one hand, and on the other  hand, to the f o r -  
mat ion  of agg rega t e s ,  leading to an i nc rea se  in t r a n s m i s s i o n  of the pla te le t  suspens ion .  Spherulat ion inc reases  
whereas  aggregat ion  reduces  optical  dens i ty .  Compet i t ion between these  two p r o c e s s e s  de te rmined  the shape 
of the curve of t r a n s m i s s i o n  ve r s u s  t i m e .  Since aggregat ion  in the dis ta l  channel r eached  a higher level than 
in the p rox imal ,  it can be concluded that  in the p re sence  of ADP s tenos is  faci l i ta tes  aggregat ion .  The effect  
of s t enos i s  was mani fes ted  only in the p re sence  of ADP. During breakdown of the ADP the course  of the a g g r e -  
g a t i o n - - d i s a g g r e g a t i o n  curves  dis ta l ly  and p rox ima l ly  to the s tenos is  approx imated ,  and l a te r  the curves  v i r -  
tual ly  coincided and behaved in the s a m e  way. 

The act ion of s tenos is  in potentiat ing aggregat ion  under  physiological  condit ions,  it can tenta t ive ly  be 
sugges ted ,  could lead to e m b o l i s m  of the sma l l  pe r iphe ra l  ve s se l s  dis ta l ly  to the s t enos i s .  This poss ibi l i ty  
is a l so  de te rmined  by the re laxa t ion  t ime  of pia te le t  aggrega tes  a r i s ing  under  the influence of s t enos i s .  
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