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I t  i s  u s u a l l y  c o n s i d e r e d  t ha t  v i t a m i n  K p l a y s  an i n d i r e c t  r o l e  in b lood  c lo t t i ng  a s s o c i a t e d  wi th  the  
s t i m u l a t i o n  of the  b i o s y n t h e s i s  of  c e r t a i n  p r o c o a g u l a n t s  in the  l i v e r  - p r o t h r o m b i n ,  p r o c o n v e r t i n ,  a n d f a c -  
t o r s  IX and X. If  v i t a m i n  K i s  added  to b lood  in v i t r o  i t  has  no ef fec t  on i t s  c lo t t i ng  power .  

I n v e s t i g a t i o n s  in the  a u t h o r s '  l a b o r a t o r y  have  shown tha t  in v i t a m i n  K d e f i c i e n c y  the  p r o p e r t i e s  of 
s o m e  func t iona l  p r o t e i n s  a r e  m o d i f i e d  [1, 4], and in p a r t i c u l a r ,  the  c o n t r a c t i l e  p o w e r  of the  m y o s i n  f i l a -  
m e n t s  and the  A T P a s e  a c t i v i t y  of the  m y o s i n  a r e  r e d u c e d  [3]. The  c o n t r a c t i l e  p r o p e r t i e s  and A T P a s e  
a c t i v i t y  of m y o s i n  in a n i m a l s  wi th  a v i t a m i n o s i s  K can  be  i n c r e a s e d  both  by a d m i n i s t r a t i o n  of v i t a m i n  K 
(the so lub l e  p r e p a r a t i o n )  and a f t e r  i t s  d i r e c t  add i t i on  to m y o s i n  so lu t i ons  [3]. 

I t  was  t h e r e f o r e  d e c i d e d  to  i n v e s t i g a t e  the  ef fec t  of m e n a d i o n e  s o d i u m  b i s u l f i t e  on the  p r o p e r t i e s  
of ano the r  f i b r i l l a r y  p r o t e i n ,  n a m e l y  f i b r i n .  The  r e s u l t s  of e x p e r i m e n t s  to i n v e s t i g a t e  the  changes  in the  
e l a s t i c  p r o p e r t i e s  of f i b r i n  c l o t s  in b lood  p l a s m a  a r e  d e s c r i b e d  in th i s  p a p e r .  

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

E x p e r i m e n t s  in v ivo  w e r e  c a r r i e d  out on m a l e  r a b b i t s  we igh ing  2 .5-3 .5  kg r e c e i v i n g  a n o r m a l  l a b -  
o r a t o r y  d ie t .  Blood was  t a k e n  f r o m  the  m a r g i n a l  ve in  of the  e a r ,  m i x e d  wi th  1.34% sod ium o x a l a t e  s o l u -  
t i on  in the  r a t i o  of 9 : 1 ,  and c e n t r i f u g e d  at 2000 r p m  to s e p a r a t e  the  p l a s m a .  The  e l a s t i c i t y  of the  f i b r i n  
c lo t  (E) was  m e a s u r e d  by m e a n s  of a t h r o m b o e l a s t o g r a p h ,  the  r e s u l t  be ing  c a l c u l a t e d  f r o m  the  f o r m u l a :  

l O0 )< aM 
E =  lO0--aM ' 

w h e r e  a m deno te s  the  m a x i m a l  a m p l i t u d e  of the  t h r o m b o e l a s t o g r a p h  [8]. To ob ta in  a c lo t ,  0.5 m l  of p l a s m a  
w a s  p l a c e d  in the  r e c e i v e r  of a t h r o m b o e l a s t o g r a p h ,  0.1 m l  of a 2.7% so lu t ion  of CaC12 w a s  added,  and the  
t h r o m b o e l a s t o g r a m  was  r e c o r d e d .  The  a n i m a l  was  then  g iven  m e n a d i o n e  sod ium b i s u l f i t e  by  mouth  in a 
dose  of 2 m g / k g ,  and 3 and 24 h l a t e r  the  e l a s t i c i t y  of the  r e c a l c i f i e d  p l a s m a  c l o t s  was  aga in  m e a s u r e d .  
In  5 r a b b i t s  the  o b s e r v a t i o n s  w e r e  con t inued  for  3 days ,  and t h e s e  a n i m a l s  r e c e i v e d  m e n a d i o n e  24 h b e -  
f o r e  each  m e a s u r e m e n t  of the  e l a s t i c i t y  of the  c lo t .  

E x p e r i m e n t s  in v i t r o  w e r e  p e r f o r m e d  on e i t r a t e d  b lood  p l a s m a  f r o m  human  d o n o r s .  The  p l a s m a  was  
d iv ided  into two p o r t i o n s .  In  the  c o n t r o l  t e s t s ,  0.5 m l  of p l a s m a  w a s  t r e a t e d  wi th  0.1 m l  of p h y s i o l o g i c a l  
s a l i n e ,  and in the  e x p e r i m e n t a l  t e s t s  wi th  0.1 m l  of a 2.5% so lu t ion  of m e n a d i o n e  s o d i u m  b i s u l f i t e  in p h y s i o -  
l o g i c a l  s a l i n e .  In  t h i s  way  the  s a m e  c o n c e n t r a t i o n s  of the  v i t a m i n  K s u b s t i t u t e  was  ob t a ined  in the  p l a s m a  
as  tha t  which  in a so lu t i on  of m y o s i n ,  in P .  V. L i d i n a ' s  e x p e r i m e n t s  [3], c a u s e d  an i n c r e a s e  in the  c o n -  
t r a c t i l e  p o w e r  of the  f i l a m e n t s .  The  e x p e r i m e n t a l  and c o n t r o l  s a m p l e s  w e r e  i ncuba t ed  fo r  30 min  at  20 ~ 
a f t e r  which  m e a s u r e m e n t s  w e r e  m a d e  of t he  e l a s t i c i t y  of the  c lo t  ob ta ined  as  a r e s u l t  of r e c a l c i f i c a t i o n  
of  the  p l a s m a  by the  add i t i on  of  0.1 m l  of a 2.7% so lu t i on  of CaC12 to i t .  

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

E x p e r i m e n t s  in  v ivo .  Changes  in the  c h a r a c t e r  of the  t h r o m b o e l a s t o g r a m s  w e r e  found a f t e r  a d m i n i s -  
t r a t i o n  of the  s o l u b l e  v i t a m i n  K subs t i t u t e  to the  a n i m a l s  (Fig .  1). The  i n c r e a s e  in a m p l i t u d e  d e m o n s t r a t e d  
an i n c r e a s e  in the e l a s t i c i t y  of the  f i b r i n  c lo t .  The  e x p e r i m e n t s  on r a b b i t s  Nos .  1-6 w e r e  c a r r i e d  out wi th  
the  a p p a r a t u s  w o r k i n g  in  cond i t i ons  so tha t  the  i n i t i a l  (before  a d m i n i s t r a t i o n  of v i t a m i n  K ) i n d i c e s  of 
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Fig.  1. T h r o m b o e l a s t o g r a m  
t r a t i on  (A) and 3 h (B) and 
menadione  sodium bisu l f i te .  

of r a b b i t ' s  p l a s m a  before  admin i s -  
24 h (C) a f te r  admin i s t r a t i on  of 

e l a s t i c i t y  in the an imals  va r i ed  f rom 50 to 82. Having d i s c o v e r e d  an i n c r e a s e  in the value of E in the an i -  
mals  fed with v i tamin  K, it  was decided that for  the next expe r imen t s  the appara tus  should be adjus ted  to 
a d i f ferent  se t t ing  which would then be left  undis tu rbed  throughout  the r e m a i n d e r  of the exper iment  on a 
p a r t i c u l a r  subgroup of an ima l s .  F o r  the expe r imen t s  on r a b b i t s  Nos. 7-11, the in i t i a l  va lues  of the e l a s -  
t i c i t y w e r e  between 122 and 150, and for  the expe r imen t s  on r abb i t s  Nos. 12-15 t h e y w e r e  be tween 177 and 245. 

With a l l  t h r e e  se t t ings  of the appara tus ,  the e l a s t i c i t y  of the p l a s m a  f ibr in  c lo ts  f rom al l  15 an imals  
i n c r e a s e d .  The e l a s t i c i t y  of the f ibr in  c lots  before  admin i s t r a t i on  of v i tamin  K ave raged  123, i n c r e a s i n g  
to 205 (P =0.001) 3 h a f te r  admin i s t r a t i on  of the p r e pa r a t i on ,  to 221 (P =0.001 24 h, and to 256 (P <0.02) 
48 h a f te r  admin i s t r a t ion ,  while a f te r  72 h i ts  value was 206 (P > 0.05). 

The i n c r e a s e  in e l a s t i c i t y  of the f ibr in  c lots  was not accompanied  by any s i m i l a r  r e g u l a r  d e c r e a s e  
in the i r  t ime  of fo rmat ion .  The la tent  pe r iod  on the t h r o m b o e l a s t o g r a m  (r) 3 h a f te r  admin i s t r a t i on  of 
menadione sodium bisu l f i te  to the rabb i t s  was s h o r t e r  than in i t i a l ly  in 7 expe r imen t s ,  unchanged in 3 ex-  
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Fig.  2. T h r o m b o e l a s t o g r a m  of human blood p l a s m a  before  (A) 
and 30 rain af te r  (B) addit ion of menadione sodium bisu l f i te  
to the p l a s m a .  
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periments, and longer in 3 animals. The latent period 24 h after administration of menadione sodium bi- 
suifite was shortened in 7 experiments, unchanged in 3 rabbits, and lengthened in 2. The mean value of 
r (M ~:m) before administration of menadione sodium bisulfite was 5.6 ~- 0.54 rain, diminishing to 5.1-0.58 
rain 3 h after administration (P > 0.2) and to 4.7• rain 24 h after administration (P > 0.05). 

The absence of any significant effect of menadione sodium bisulfite on the latent period of forma- 
tion of the clot was reflected in the absence of changes in the prothrombin time, the mean value of which 
was 25 sec before administration and 24.6 sec 24 h after administration of the vitamin K substitute. 

The dose of menadione sodium bisulfite used in these experiments, when administered to rabbits, 
thus caused a sharp increase in the elasticity of the plasma fibrin clot, but had no significant effect on 
the activity of the proeoagulant responsible for ~he formation of thromboplas~in and thrombin. 

Experiments in vitro. A typical result of this series of experiments is illustrated by the thrombo- 
elastograms shown in Fig. 2. 

Only in two experiments (Nos. 4 and 16) was the elasticity of the fibrin clots the same in the ex- 

perimental and control tests. In the other 18 experiments, after addition of menadione sodium bisulfite 

to the plasma the elasticity of the fibrin clots was increased. The index of elasticity in the test with addi- 
tion of menadione sodium bisulfite increased on the average from 25.5 to 32.3, i.e., by 26% (P <0.001). 

While the result of the experiments of series 1 provided weighty evidence that menadione sodium 

bisulfite affects not only the synthesis of procoagulants in the body but also the third final phase of the 
process of blood clotting, the results of the experiments of series If, in which this effect was observed 
in vitro, prove this hypothesis conclusively. Clearly the point of application of vitamin K {or at least of 

the bisulfite derivatives of 2-methyl-l,4-naphthoquinone) in the animal body is not only the synthesis of 

procoagulants in the liver, but also the actual process of conversion of fibrinogen into fibrin. 

These results are in good agreement with those of experiments showing that administration of vita- 

min K 3 to patients increases the plasticity of thrombin [2]. The positive effect of vitamin K on the healing 

of wounds and ulcers observed by A. V. Palladin even in patients with normal prothrombin activity and 

clotting power of the blood [5] may be dependent on its effect on the properties of the fibrin in the wound. 

In connection with the experiments described above it is interesting to note that in 1956 it was shown 
that if vitamin KI, labelled with C 14, is administered to rats, it is bound in the blood with the protein frac- 

tion containing fibrinogen [9~, and it has recently been reported [7] that aqueous extracts of fibrin contain 

a substance which, although not thrombin, promotes coagulation of the blood and during chromatographic 
investigation behaves like vitamin Ks; it is possible that this is a vitamin K derivative directly concerned 

in fibrin formation. 

The increase in the elasticity of fibrin clots in blood plasma following administration of vitamin K 
may provisionally be associated with the effect of this substance on the polymerization of fibrin, an effect 

probably brought about through its influence on the activity of the fibrinase (fibrin-stabilizing factor) of 

the plasma. 

There is another possible mechanism of this influence of vitamin K on the properties of the fibrin 

clot. A protein, thrombostenin, responsible for clot retraction, has recently been isolated from platelets. 

This protein is very similar to the actomyosin of muscles ; possesses high ATPase activity. Just as from 

actomyosin,  f i laments can be obtained from it which contract  in the presence  of ATP and Mg 2+ [6]. Bear -  
ing in mind the action of vitamin K on ATPase  activity and the contract i le  proper t ies  of myosin discussed 
above, it may be assumed that the effect of this vitamin (menadione) on the proper t ies  of fibrin may be 
brought about through its action on the ATPase  activity and contract i l i ty of thrombostenin.  
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