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Fac to r  XIII with an act ivi ty  of 1430 un i t s /mg  prote in  was isolated f rom ra t  p la te le t s .  Expe r i -  
ments  in v i t ro  showed that  on addition of platelet  fac tor  XIII (160-200 un i t s /mD to a suspens ion 
of washed pla te le ts  or  of p ia te le ts  purif ied by passage  through a column with Sepharose  4B the i r  
aggregat ing power  was i nc r ea sed .  Addition of inactivated platelet  fac tor  XIII had no effect  on 
platelet  aggregat ion  induced by ADP. 

The ro le  of p l a s m a  fac to r  XIII in the s t imula t ion  of platelet  aggrega t ion  has been demons t ra ted  prev ious ly  
[1-3]. Fac to r  XIII was shown to i n c r e a s e  pla te le t  aggregat ion  both in v i t ro  in p la te le t -enr iched  p l a sma  and 
a f te r  intravenous injection of a p r epa ra t i on  of fac tor  XIII into an ima l s .  There  is little informat ion  in the l i t e r -  
a ture on the par t ic ipa t ion  and ro le  of p la te le t  fac tor  XIII in pla te le t  aggrega t ion  and the data a re  con t rad ic to ry .  
For  ins tance,  in pat ients  with congenital  def iciency of platelet  fac tor  XIII,  a no rma l  level of p la te le t  ag g reg a -  
t ion was found [12]. These  findings may  be evidence that plate[el  fac tor  XIII plays no par t  in aggrega t ion .  On 
the other hand, a d e c r e a s e  in pla te le t  aggregat ion  in var ious  types  of th rombocytopa th ies ,  when the pla te le t  
fac tor  XIII level is low, points to its poss ib le  role  in aggregat ion .  

P repa ra t ions  of fac tor  XIII have been obtained f rom plate le ts  of s e v e r a l  spec ies  of animals  and man  [4, 
5,11] and its phys icochemica l  p rope r t i e s  and s t ruc tu re  have been studied,  but the physiological  role  of p l a t e -  
let fac tor  XIII st i l l  r e m a i n s  unexplained.  

T h e  object of this  invest igat ion was to study the effect  of a p repa ra t ion  of fac tor  XIII obtained f rom ra t  
blood pta te le ts  on platelet  aggrega t ion .  

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

P[ate le t  fac tor  XIII was obtained by the method in [13] with sl ight modif icat ions f r o m  ra t  p la te le ts  i so -  
lated f rom 400 ml  of c i t ra ted  blood. The res idue  of p la te le ts  was f i r s t  washed to r e m o v e  t r a c e s  of p l a s m a  
with 0.85% NaC[ solution and suspended in a sma l l  volume (20 mD of the s a m e  solut ion.  The pia te le ts  were  
then d is in tegra ted  by f reez ing  the suspens ion  to --20~ and thawing 3 t i m e s .  The suspens ion  of d is in tegra ted  
p[atelets  was centr ifuged for  20 min  at 2000 r p m  and the f rac t ion  containing fac tor  XIII was prec ip i ta ted  f rom 
the superna tan t  with (NH4)2SO 4 at 40% sa tu ra t ion .  This  f rac t ion  was dissolved in a sma l l  volume of 0.05M 
T r i s - a c e t a t e  buffer ,  containing 0.001 M EDTA solution,  pH 7.3, and dialyzed against  it .  The dia iysate  (35-40 
mg protein)  was applied to a column (2.5 • 40 cm) with Sephadex G-150.  Elution was ca r r i ed  out with T r i s -  
ace ta te  buf fe r .  Frac t ions  containing fac tor  XIII were  concentra ted and used in the expe r imen t s  or purif ied 
fu r the r  on Sepharose  6B. The act ivi ty of the final p r epa ra t ion  was 1430 u n i t s / m g  pro te in .  

P l a s m a  fac tor  XIII was obtained f r o m  bovine p l a s m a  [10]. The p repa ra t ions  of both p l a s m a  and ptatelet  
fac tor  XIII were  act ivated with sma l l  doses  of th rombin  without p tasminogen  (3 un i t s /m l ) .  Activi ty of fac tor  
XIII was de te rmined  with the aid of f i b r i n - m o n o m e r  [7]. 

P la te le t  aggregat ion  was studied in a suspens ion  of washed ra t  p la te le t s .  The res idue  of pla te le ts  was 
washed 3 t imes  with 0.85% NaCI solut ion.  In some expe r imen t s  a suspens ion  of washed p la te le t s ,  fu r the r  purl= 
fled on a column of Sepharose  4B [8] was used.  The finally p r epa red  pla te le ts  a l so  were  suspended in 0.85% 
NaCi solut ion.  The c h a r a c t e r  and level  of aggregat ion  in the two cases  were  the s a m e .  Pla te le t  aggregat ion  
was de te rmined  by the method in [6] and exp re s sed  in indices (the ra t io  of the optical  density of the t e s t  sample  
before  addition of the aggregat ing  agent  to the optical  densi ty at the t ime  of its g r e a t e s t  dec r ea se  during a g g r e -  
gat ion of pla te te ts  in suspens ion) .  
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Fig.  1. Plate[el  aggregation induced by ADP in suspension 
of washed pbatebets in p resence  of pbatebet factor  XIII (160- 
200 units/rob). Absc issa ,  t ime of tes t ing (in rain); ordinate ,  
degree  of platelet  aggregat ion (in optical density units) .  
Agents added: 1) 0.85% NaC[ solution; 2) inactive fac tor  
XIII, 3) thrombin in dose used to activate factor  XIII, 4) a c -  
tive fac tor  XIII. 

EXPERIMENTAL RESULTS 

In the exper iments  of s e r i e s  I a p repara t ion  of fac tor  XIII was obtained many t ime s over  f rom ra t  p la te-  
lets in smabb port ions (from 400 m[ blood). After  application of the f rac t ion f rom the platebet suspension con-  
taining factor  XIII to the column three  prote in  peaks were  ebuted. AIb f ract ions  were tes ted for  factor  XIII, 
ant i thrombin,  and ant iplasmin act ivi ty .  The f i r s t  prote in  peak was found to have fac tor  XHI act ivi ty unaccom-  
panied by anti thrombin,  antiplasmin,  or procoagulant  act ivi ty.  In subsequent f rac t ions ,  m o r e o v e r ,  a peak with 
bow ant i thrombin activity and a peak containing considerable  ant i thrombin and antipbasmin activity were found. 

In the exper iments  of s e r i e s  II the effect  of the platelet  fac tor  XIII on platelet  aggregation was studied. 
Prepara t ions  of fac tor  XIII purif ied on Sephadex G-150 and Sepharose 6B were  used.  Since thrombin was used 
to  activate the fac tor  XIII, the aggregating agent was added to control  samples  of the suspension in conjunction 
with the equivalent quantity of th rombin  when aggregation was de te rmined .  

The effect  of platelet  factor  XIII on platelet  aggregation in the suspension is i l lustrated in Fig.  1. In the 
control  the platelet  suspension (addition of 0.85% NaCI soiution) aggregation took place slowly and reached a 
maximum onby af ter  20-25 min of observat ion.  This is in agreement  with exper imenta l  data showing that aggre -  
gation induced by ADP takes place more  slowly and at a bower Ieveb in a suspension of washed platebets of c e r -  
tain species  of animals or of platelets  isobated by the gel-f ibtrat ion method [9]. On the addition of 160-200 
units active platelet  factor  XIII %o the t es t  samples  of platebet suspension (2 ml) the aggregating power of the 
platelets  was inc reased .  This increase  (P < 0.001) took the fo rm of an increased  degree  of aggregation at the 
t ime of its maximal  manifestat ion (20 min af ter  addition of the aggregating agent; Fig.  1). Inactive factor  
XIII had no such effect  and aggregation of platelets  took place just as in the control .  In the second con-  
t ro l  sample ,  to which thrombin  was added in a dose equivalent to that used to activate fac tor  XIII, aggregation 
likewise was indistinguishable f rom the normal  bevel. On addition of the p repara t ion  of fac tor  XIII a, increased 
aggregat ion took place in the platelet  suspension whether obtained by washing 3 t imes  or  by purif icat ion of the 
platelets  on a column with Sepharose 4B. 

The wr i t e r s  showed previous ly  that p lasma factor  XIII increased  platelet  aggregat ion induced by ADP in 
exper iments  in which p la te le t -enr iched  r a t  p lasma was used [2]. In the p resen t  investigation s imi l a r  expe r i -  
ments  were ca r r i ed  out with the addition of a prepara t ion  of p lasma factor  XIII to the platelet  suspension.  As 
Table 1 shows, the p repara t ion  of p lasma factor  XIII caused an increase  in aggregation induced by ADP in the 
pfatelet  suspension a lso .  The degree  of inc rease  in aggregat ion af te r  the addition of both p lasma and platelet  
fac tor  XIIIa was the s a m e .  
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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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USE OF A L A S E R  P H O T O M E T E R  T O  S T U D Y  P L A T E L E T  

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  
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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 

AlI-Union Cardiological  Scientific Cente r ,  Academy of Medical Sciences of the USSB, Moscow. (Pre-  
sented by Academician of the Academy of Medical Sciences of the USSR E.  I. Chazov. ) Trans la ted  f rom Byui-  
leten'  Eksper imenta l 'no i  Biologii  i Meditsiny, Vol. 87, No. 2, pp. 101-103, Februa ry ,  1979. Original ar t ic le  
submitted Feb rua ry  27, 1978. 

0007-4888/79/8702-0073507.50 @1979 Plenum Publishing Corporat ion 73 


