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F i b r i n  c lots  formed in v i t ro  in the p r e s e n c e  of ca lc ium ions di f fered in t h e i r  u l t r a s t r u c t u r e  
f rom those formed without  ca lc ium ions ,  Ca lc ium ions do not affect  the s t ruc tu r e  of the f i -  
b r i n  f iber .  

Adequate evidence has  been  obtained for the ro le  of ca lc ium ions in the final s tage of the reac t ion :  
th rombin  + f ibr inogen ~ f ibr in  S + fac to r  XIII + Ca ++ --* f ibr in  i.  The f ib r in  formed dur ing  c lo t t ing of 
p l a s m a  f ibr inogen in the p r e s e n c e  of ca l c ium ions has  been shown to be mechan ica l ly  s t r o n g e r ,  insoluble 
in 5 M urea  solut ion and in monochloroace t ic  ac id ,  and i ts  f ibers  a re  r e s i s t a n t  to the ac t ion  of a lka l i e s  and 
ac ids  and more  r e s i s t a n t  to b a c t e r i a l  f ib r ino lys in  than f ibr in  formed f rom oxa la ted  p l a s m a  [1-6]. 

The objec t  of this  inves t iga t ion  was to study the effect  of ionized ca l c ium on the u l t r a s t r u c t u r e  of 
fibrin; such an effect  would demons t r a t e  the pa r t i c ipa t ion  of ca lc ium in the format ion  of the f ibr in  f iber  
and the f ibr in  c lot .  

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

Expe r imen t s  we re  c a r r i e d  out on 60 W i s t a r  r a t s  of both sexes  weighing 150-200 g~ The effect  of 
ionized ca lc ium on the u l t r a s t r u c t u r e  of f ib r in  was studied in blood taken  f rom the jugu la r  vein of r a t s  into 
s i l i cone -coa t ed  sy r inges ;  the  blood was mixed with ant icoagulant  (1.34~ solut ion of sodium oxalate) in the 
r a t io  of 9 : 1. Oxalated p l a s m a  was obtained by centr i fuging s tab i l i zed  blood at  g = 200 for 15 min.  

F ib r in  clots  w e r e  obtained by c lot t ing 0.2 ml oxalated p l a s m a  with a t h r o m b i n - c a l c i u m  mixture  (0.1 
ml th rombin  with an ac t iv i ty  of 25 sec  + 0.4 ml 0.277% CaC[ 2 solut ion).  In cont ro l  t e s t s  for  f ib r in  clot  f o r -  
mat ion the CaC12 solut ion was rep laced  by 0.4 ml  of 0.85~c NaC1 solut ion.  The r eac t ing  mix ture  was incu-  
bated at  37~ and the f ibr in  c lots  which formed 1 h l a t e r  were  fixed in P a l a d e ' s  solut ion,  dehydra ted  in 
a lcohols ,  s ta ined with u r any l  a c e t a t e ,  embedded in Ara td i t e ,  and examined in the e l e c t r o n  m i c r o s c o p e .  

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

The u l t r a s t r u c t u r e  of the f ib r in  f iber  formed in the p r e s e n c e  of c a l c i um  ions,  i l l u s t r a t ed  in F ig .  l b ,  
shows s t r i c t  r e g u l a r i t y  and c r o s s - s t r i a t i o n  with a per iod of 210 + 10 A in width.  The u l t r a s t r u c t u r e  of the 
f ibr in  f iber  formed without ca lc ium ions is a l so  c h a r a c t e r i z e d  by a c e r t a i n  deg ree  of r e g u l a r i t y  and by  
c r o s s - s t r i a t i o n  with a per iod  210 A in width (Fig.  ld) ,  or  in o ther  w o r d s ,  no s ignif icant  d i f f e rences  we re  
found between the format ion  of the u l t r a s t r u c t u r e  of the f ibr in  f iber  obtained in coagula t ing  med ia  conta in-  

ing or  not containing ca lc ium ions .  

However ,  the u l t r a s t r u c t u r e  of the f ibr in  clot  formed in the p re sence  of ca l c ium ions (Fig.  la) d i f -  
fe red  s igni f icant ly  f rom that  of the f ibr in  clot formed without ca lc ium ions (Fig.  l c ) .  In the f o r m e r  there  
was  a dense  f i ne -mesh ,  t h r e e - d i m e n s i o n a l  network with many l a t e r a l  a s s o c i a t i o n s  of f ib r in  f i be r s ,  2000- 
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Fig. 1. Effect of ionizeu calc ium on u l t r a s t ruc tu re  of fibrin: a and 
b) u l t r a s t ruc tu re  of fibrin clot and fibrin fiber formed in the p r e s -  
ence of calc ium ions, respectively;  c and d) u l t ras t ruc tu re  of fibrin 
clot and fibrin fiber formed without calc ium ions, respect ively .  

3500 i in width. By contras t ,  the u l t r a s t ruc tu re  of the fibrin clot formed without calcium ions consisted 
of a c o a r s e - m e s h  network with only a few lateral  associat ions of fibrin f ibers ,  not more  than 2500 .~ in 
width. 

These resul ts  show that calcium ions part icipate in the convers ion of fibrinogen into fibrin and af-  
fect the formation of the u i t ras t ruc tu re  of the fibrin clot.  
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