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E F F E C T  OF E N Z Y M E S  OF T H E  C O N T A C T  P H A S E  OF BLOOD 

C L O T T I N G  ON P H A G O C Y T I C  A C T I V I T Y  OF  T H E  N E U T R O P H I L S  
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The effect of the product of the contact phase of blood clotting (CAP), i.e., factor XII and its 
activated form on the reaction of reduction of nitro-BT by human neutrophils was studied. In 
all cases CAP caused marked stimulation of the neutrophils. The response of the neutrophils 
to factor XII was observed irregularly.  It was more regular and stronger after activation of 
this factor. The indirect effect of CAP on neutrophils is postulated, through activation of inter- 
connected enzyme systems of the blood plasma. 
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Various humoral factors of the blood plasma participate in the regulation of metabolic processes  main- 
taining the phagocytic function of the neutrophils. Activation products of the complement system [2, 3], the ~2- 
glycoprotein fraction [9, 1t, 13], C-react ive protein [4], fetuin [13], and the kallikreins [5] are  all stimulators 
of neutrophils. The functional state of the neutrophils has been observed to change during incubation of blood 
in glassware not t reated with silicone. Accordingly, the investigation described below was undertaken to study 
the mechanism of this phenomenon, namely the possibility of its mediation through factors participating in the 
contact phase of blood clotting. 

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

Contact activation product (CAP) was obtained from human blood plasma by the method of Schoenmakers 
et al. [12]. The eluate from the glass was concentrated with dry Sephadex G-50. The glycine buffer was 
changed f o r  isotonic 0.15 M phosphate buffer, pH 7.2, on a column with Sephadex G-25. The preparation had 
the property of res tor ing the defective clotting of plasma not containing contact factors, obtained by Nossel 's 
method [8]. 

Par t ia l ly  purified factor XII (F-XII) - fraction IVS - also was obtained from bovine plasma [12]. During 
electrophoresis  in polyacrylamide gel three protein zones were detected in it. The protein content in the zone 
capable of correct ing the defective clotting of plasma deprived of contact factors was about 80% of the total pro- 
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Fig.  1. React ion of reduct ion 
of n i t ro -BT by human blood 
neutrophi ls .  Po lymorph tc ,  
coa r se ly  d i spe r sed  b lack  de-  
pos i t s  (dark blue in the actual  
prepara t ion)  of d i fo rmazan  can 
be seen  in cy top lasm of neu t ro-  
phl ls  bes ide  pa le r  segments  of 
the i r  nuclei  (green in the actual  
p repara t ion) .  Outlines of r ed  
blood ce l l s  a lso  v is ib le .  900 • 
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Fig.  2. St imulat ion of neutrophi ls  by 
CAP, F-XII ,  F-XIIa ,  and endotoxin. 
V • v) Coefficient  of var ia t ion  and i ts  
e r r o r .  Ordinate,  pe rcen tage  of s t i m -  
ulated neutrophils .  

rein content.  Immedia t e ly  be fo re  the expe r imen t  the f r e e z e - d r i e d  p r e p a r a t i o n  was d isso lved  in dis t i l led wa te r  
and exchange to phosphate buffer  (pH 7.2) was c a r r i e d  out on a column with Sgphadex G-25. The  F -XI I  was 
act ivated (converted into F-XIIa)  by g lass .  

The  reac t ion  of the neutrophils  to the t e s t  p r epa ra t i ons  was studied by in t race l lu la r  s u b s t r a t e - f r e e  r e -  
duction of n i t ro -b lue  t e t r a z o l i u m  (ni t ro-BT) in whole blood f r o m  donors  aged 20-35 y e a r s  by the method of P a r k  
e t  al.  [10] with cer ta in  modif icat ions (Fig. 1)�9 It is usual ly  cons idered  that  this index r e f l ec t s  the abi l i ty of 
the neutrophi ls  to p e r f o r m  phagocytos is ,  the r e s u l t  of  act ivat ion of the h e x o s e - m o n o p h o s p h a t e  shunt [6, 7]. The 
level  of s t imulat ion was de te rmined  f r o m  the number  of fo rmazan-con ta in ing  cel ls  among 100 neutrophils .  
CAP, F-XII ,  and F-XIIa  we re  t es ted  in concentra t ions  of 20-25 # g / m l .  Endotoxin of S. m a r c e s c e n s  (25 g g / m l )  
s e rved  as  the s tandard s t imula tor ,  and uns t imula ted  neutrophils  were  used as  the control .  
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E X P E R I M E N T A L  R E S U L T S  

In the control ,  0-11% of neutrophi ls  (5.1 • 1.3) we re  s t imula ted  (Fig. 2). Of the th ree  p repa ra t ions  (CAP, 
F-XII ,  F-X]Ia)  CAP had the s t ronges t  act ivi ty:  the number  of s t imulated neutrophils  was 21-43% (28.8 • 1.6; 
P < 0.001). The  addition of F - X I I  to the t e s t  s y s t e m  was followed by twofold s t imulat ion or more  in five of 13 
ca se s  (8.9 • 3.0; P > 0.05). F -XI Ia  s t imula ted  neutrophi ls  in nine of the 13 donors {14.5 �9 3.7; P < 0.05). Af ter  
incubation with the endotoxin the level  of s t imulat ion was 30-63% (39.8 �9 3.2; P < 0.001). 

The  individual f ea tu res  of the r eac t ion  of the neutrophi ls  to the va r ious  p r epa ra t i ons  were  mani fes ted  
different ly  (Fig. 2). The  lowest  values  of the coefficient  of va r ia t ion  were  obse rved  in the case  of s t imulat ion 
by CAP and endotoxin (19.5 • 3.5 and 28.5 �9 5.1, r espec t ive ly ) ,  the max ima l  in the exper imen t s  with F-XII .  

The  r e s u l t s  of these  expe r imen t s  show that  the components  of CAP, in a dose  cor responding  to the i r  con-  
centra t ion in the blood and arising during the contact phase of clotting,* have a significant effect on the func- 
tional phagocytic activity of the neutrophils. The direct effect of CAP on the neutrophils cannot be ruled out, 
although no such information is present in the literature. The stimulating effect of the preparation could also 
be mediated through activation of the interconnected enzyme systems of the plasma, primarily the kallikrein- 
kinin and complement systems [i]. One of the probable effector components of CAP is F-XIIa, which caused 
significant stimulation of the neutrophils in most of the present experiments. The high variability of the indi- 
vidual indices observed during stimulation of the neutrophils by preparation F-XIIa and, in particular, by F-X]I, 
is interesting. To some extent this may be associated with the character of interaction of this factor with the 
humoral components of the plasma responsible for its effect on the neutrophils. The possibility of individual 
differences in the receptor apparatus of the neutrophils, by means of which they interact directly with biologi- 
cally active substances, likewise cannot be ruled out. 

The results of these investigations suggest that under natural conditions stimulation of metabolic pro- 
cesses in the neutrophils, which is observed under the influence of various factors, may be the result of pri- 
mary activation of the humoral components of the blood plasma. This must be borne in mind during analysis 
of clinical observations and also during the modeling of experimental systems to study the functional activity 
of neutrophils. 
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*The final volume of the CAP p r e p a r a t i o n  cor responded  to the initial volume of blood taken for  i ts  p repa ra t ion .  
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