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The content of ATP  +ADP in the skin and skele ta l  musc les  was reduced  by one- th i rd  in r a t s  
with p r i m a r y  and secondary v i tamin  K deficiency,  while the level  of inorganic phosphorus 
was ra i sed .  Adminis t ra t ion  of the synthetic v i tamin  K substitute v ikasol  p reven ted  these  
changes and the hypopro thrombinemia .  In t r amuscu la r  injection of o~-tocopherol did not p r e -  
vent hypopro thrombinemia  in the an imals  with av i taminos is  K but it complete ly  prevented  
the dec rea se  in content of ATP  +ADP and the i nc rea se  in inorganic phosphorus  in the i r  
skin and musc le s .  

Exper iments  showing that  in v i tamin  K deficiency the crea t ine  kinase act ivi ty of the skeletal  musc les  
and blood is substant ial ly reduced  were  descr ibed  in a previous  paper  [10]. This  dec rease  in the musc l e s  
is comple te ly  prevented  by adminis t ra t ion  of v ikasol  or ,  equally of ~- tocopherol  to the animals .  

With these  r e su l t s  in mind, and also considering that with inc reased  doses  of a - tocophero l  the de-  
c r ea se  in act ivi ty of myosin  ATP as e  and of the alkaline phosphatase of skele ta l  musc l e s  and skin, c h a r a c -  
t e r i s t i c  of v i tamin  K deficiency,  can be p reven ted  [9], the p resen t  invest igat ion was c a r r i e d  out in o rde r  
to study changes in the content of these  h igh-energy  nucleotides in these  t i s sues  in the p resence  of v i tamin 
K deficiency and the effect  of o~-tocopherol on these  changes.  

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

Exper iments  were  c a r r i e d  out on 158 male  albino r a t s  weighing 140-180 g. P r i m a r y  av i taminos i s  
K was produced by keeping the an imals  on a modified semisynthet ic  diet as desc r ibed  previously  [10],while 
secondary  avi taminos is  K was produced by l igation followed by division of the bile duct as  descr ibed  by 
Kudryashov et al. [4]. The development  of av i taminos is  K was judged on the bas i s  of an inc rease  of 3 t imes  
or more  in the pro thrombin  t ime ,  de te rmined  by Tugolukov's  method [1]. By the end of the 3rd week of 
the exper iment ,  f r o m  an initial 12-15 sec the pro thrombin  t ime  was lengthened to 55-120 sec.  At t h i s t i m e  
the an imals  were  kil led by decapitat ion,  and weighed samples  of the t i s sues  (skin of the abdominal  wall  
careful ly  f reed  f r o m  hai r  and fatty a r e o l a r  t i s sue ,  and the quadr ieeps  f e m o r i s  musc le  f reed  f r o m  tendons 
and membranes )  were  taken without delay,  p laced on ice,  homogenized,  and ex t rac ted  with 4 vo lumes  of 
5% TCA solution. A T P  and ADP in the ex t r ac t s  were  de te rmined  by Se i t s ' s  method [11] and inorganic phos-  
phorus by the method of Uzbekov and Uzbekov [12]. 

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

The r e su l t s  given in Table 1 show that in both types  of v i tamin  K deficiency the  content of ATP +ADP 
in the skin and musc les  was sharply  reduced (P < 0.001), while the content of inorganic phosphorus was in- 
c r ea sed  (P < 0.01) by compar i son  with the intact an imals  kept on the ord inary  animal  house diet. 
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TABLE 1. Content of A T P  +ADP and of Inorganic Phosphorus  (in rag% P) in Skin and Skeletal Muscles  
of Rats with Avi taminos is  K (M • m) 

Nature of expe r imen t  

Animal house diet (25) 
Ligation of bile duct (18) 
Ditto, 1 mg vikasol  by mouth daily (18) 
Ditto, 20 mg ~- tocopherol  i n t r a m u s c u -  

l a r ly  on a l te rna te  days (13) 
Vitamin K-def ic ient  diet (33) 
Vitamin K-def ic ient  diet,  1 mg vikasol  

daily by mouth (32) 
Ditto, 20 mg a - tocophero l  i n t r amuscu -  

l a r ly  on a l te rna te  days (19) 

Note. Number  of an imals  in pa ren theses .  

ATP +ADP 

18.1 ~i.04 
12.3 • 0.72 
17.2 �9 1.40 

21.4 �9 1.31 

12.6 �9 0.49 

18.9 :e0.69 

24.6~i.12 

Skin 

Pinorg. 

24.5 ml.09 
33.0 ~-2.02 
23.8 ~1.94 

19.6 4-1.40 
29.1 ~- 0.62 

25.9 q-0.83 

18.8• 

Skeleta 

ATP  +ADP 

54.8 -~ 2.80 
39.5:e2.03 
52.8 ~-2.46 

58.1 3:2.23 
32.1 • 1.40 

52.7 ~-2.14 

60.6 ml.90 

musc les  

Pinorg. 

33.1 4-1.79 
41.2 ~-2.53 
30.1 "1 .44  

24.1 • 
40.3•  

33.3• 

26.8 ~1.51 

Adminis t ra t ion  of the wa te r - so lub le  v i tamin  K analog (vikasol) to the an imals  with a l igated bile duct 
or  an imals  on a v i tamin  K-def ic ient  diet mainta ined the s ame  level  of ATP  +ADP and of inorganic phos-  
phorus  as in the skin and musc les  of the intact an imals ,  and also a no rma l  p ro thrombin  t ime (12-15 sec).  

Adminis t ra t ion  of c~-tocopherol did not prevent  hypopro thrombinemia  in the an imals  (their p r o t h r o m -  
bin t ime  va r i ed  between 48 and 126 sec),  but it complete ly  p reven ted  a dec rease  in the A T P + A D P  concen-  
t ra t ion  in the t i s sues  and an inc rease  in the inorganic phosphorus level .  Fu r the r ,  in an imals  with p r i m a r y  
av i taminos is  K and rece iv ing  a - tocophero l ,  the content of ATP +ADP in the skin was actually higher (P < 0.05) 
than in r a t s  on a v i tamin  K-def ic ient  diet and receiving v ikasol ,  and in an imals  rece iv ing  the normal  animal  
house diet. 

A dec rea se  in the content of ATP +ADP in an imals  with av i taminos is  K has been descr ibed  previous ly  
with r e spec t  to the ske le ta l  and smooth  musc l e s  [14] and blood p l a sma  [2]. The p resen t  expe r imen t s  show 
that  the i r  content in the skin also fal ls  sharply  (by one-third)  and that this is accompanied  by an inc rease  
in the level  of inorganic phosphorus .  

It is pa r t i cu la r ly  in te res t ing  that  admin is t ra t ion  of ~- tocophero l  to the an imals  in a dose 13 t imes  
above the mean an t i s te r i l i ty  dose,  which is 0.75 mg for  r a t s  [18], complete ly  prevented  the dec rease  in the 
ATP +ADP content and the inc rease  in the inorganic phosphorus  level  in the t i s sues  studied. This  phenom- 
enon co r re sponds  to the fact  that  i nc reased  doses of a - toeophero l  prevent  a dec rease  in act ivi ty of myosin  
A T P a s e  [13], c rea t ine  kinase [10], and alkaline phosphatase  in the skeletal  musc les  and blood [9] of animals  
with av i taminos is  K, and a lso  prevent  the dec rease  in act ivi ty of cer ta in  enzymes  in the i r  a l imen ta ry  t r ac t  
[5]. These fac ts  a re  in good ag reemen t  with the view [6, 8] that v i tamin  K, bes ides  i ts  effect  on the bio-  
synthesis  of procoagulants ,  a lso p o s s e s s e s  an ex t racoagula to ry  anabolic action, dependent on i ts  par t ic ipat ion 
in energy  genera t ion in h igh-energy  nucleotides.  The re jec t ion  of Mar t ius , s  hypothesis  [15] of the role  of 
v i tamin  K in oxidative phosphoryla t ion by a number  of w o r k e r s  [3, 17] mus t  evidently be r ega rded  as  p r e -  
ma tu re .  The r e su l t s  of the p resen t  invest igat ion are  also in good ag reemen t  with the suggest ion [7, 8] that 
it is not v i tamin  K i tself ,  but i ts  metabol i te  (or metabol i tes) ,  which may be fo rmed  in the animal  body not 
only f r o m  v i tamins  of the K group but a lso  f r o m  re la ted  subst i tuted p-quinones,  such as the E v i tamins ,  
which plays  a role  in t ransphosphory la t ion  and production of h igh-energy  compounds.  Indi rec t  conf i rmat ion 
of this view may be given by the d i scovery  of many f o r m s  of v i tamin K, some of which a re  unstable [16], 
in the animal  o rgan i sm.  
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