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The crea t ine  kinase  (2.7.3.2) act ivi ty  in the blood s e r u m  of rabbi ts  with pelentan- induced 
av i taminos i s  K and in the skele ta l  musc l e s  of r a t s  with p r i m a r y  (al imentary)  av i taminos is  
K is cons iderably  reduced,  while the ex t rac tab i l i ty  of the musc le  pro te ins  with t r i s - b u f f e r  
is i nc reased .  This d e c r e a s e  in enzyme act ivi ty can be p reven ted  in r a t s  by admin is t ra t ion  
of the synthetic  v i tamin K p r e p a r a t i o n  vikasol  and of ~ - tocophero l .  

Vitamin K not only s t imula tes  the synthes is  of ce r ta in  procoagulants  in the l ive r ,  but a lso  contr ibutes  
to the t ransphosphory la t ion  and synthes is  of h igh-energy  phosphorus  compounds,  as is pa r t i cu l a r ly  evident 
in musc le  t i ssue  [2, 3, 5, 6, 9, 10]o In r a t s  with secondary  v i tamin  K deficiency,  produced by l igation of the 
bi le  duct, c rea t ine  kinase act ivi ty  is reduced  in skele ta l  and smooth  musc les  [8, 11]. 

The object  of this invest igat ion was to studjr c rea t ine  k inase  act ivi ty in the musc l e s  and blood in 
p r i m a r y  (al imentary)  av i taminos is  K and in secondary  av i taminos i s  K produced by admin is t ra t ion  of 
pelentan,  an ant iv i tamin K, to the an imals .  The effect  of v i t amin  E on musc le  c rea t ine  k inase  act ivi ty  was 
a lso  inves t igated in animals  with p r i m a r y  av i taminos is  K. 

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

Exper imen t s  were  c a r r i e d  out on 100 adult ma le  albino ra t s  and 15 adult male  rabb i t s .  P r i m a r y  
av i taminos i s  K was induced by keeping the r a t s  onthe semisynthe t ic  diet of Mameesh  and Johnson [13], as 
desc r ibed  p rev ious ly  [8]. Secondary av i taminos is  K was produced in rabbi t s  by feeding the an imals  with 
pelentan,  which was given for  the f i r s t  two days in doses  of 50 m g / k g  body weight, and subsequently in 
daily doses  of 10 mg/kg .  The c r i t e r ion  of development  of av i taminos i s  K was a pe r s i s t en t  lengthening of 
the p ro th rombin  t ime  to th ree  or  m o r e  t imes  i ts  initial value.  The r a t s  were  sac r i f i ced  by decapitat ion,  
blood was collected,  the quadr iceps  f emor i s  musc le  was quickly r e m o v e d  and the t i ssue  minced without 
delay and ex t rac ted  on ice for  20-30 rain with four vo lumes  of 001 M t r i s -buf fe r ,  pH 8.8-9.0.  Creat ine  
k inase  (207.3.2) act ivi ty  was m e a s u r e d  for  the reac t ion  proceeding  in the di rect ion to the r ight  as descr ibed  
by Maksimova [4]. Creat ine phosphate (CP) was  de te rmined  by AlekseevaVs method [1] and phosphorus by 
LowryVs method [121o 

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

Both p r imarY av i taminos i s  K in r a t s  and secondary  pelentan av i taminos i s  K in rabbi t s  led  to a s ign i -  
f icant  dec r ea se  in the crea t ine  kinase  act ivi ty of the blood s e r u m  (Table 1)o 

Creat ine k inase  act ivi ty in the skele ta l  musc l e s  (Table 2) was e x p r e s s e d  in m i c r o m o l e s  of CP formed,  
and the r e su l t  was calculated in two ways:  pe r  g r a m  pro te in  of musc le  ex t rac t  and p e r  g r a m  f r e sh  weight 
of musc le  t i s sue .  
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TABLE 1. Serum Creatine Kinase Activity in P r i m a r y  and Secondary (Pelentan) 
Avitaminosis  K (M~:m) 

Animals 

Rats (18) 
" ( ! 3 )  

Rabbits (15) 

" (15)  

Nature of 
exper iment  

Vivarium diet 
Vitamin K 

deficient diet 
Before adminis -  

t ra t ion of 
petentan 

After course  of 
pelentan 

Prothrombin 
time (in sec) 

14.3~0.34 

112.5• 

23.8~0.48 

102.2~7.06 

Enzyme ac t i -  
vity (in 
ymoles CP/ml 
seFum) 

12.0~:1.21 

7.2~-0.47 

15.6:~1.11 

3.5~:0 ~ 

P 

< 0.001 

< 0.001 

Note. Here and in Tables 2 and 3, number  of animals given in parentheses .  

TABLE 2. Creatine Kinase Activity of Skeletal Muscles (M~m) 

Nature of experiment  Prothrombin  
t ime (in sec) 

Vitamin K deficient diet (42) . .  14=~0.2 
Before adminis t ra t ion of 

pelentan (23) . . . . . . . . . .  111~4.6 
Vitamin K deficient diet + 1 mg 
vikasol dai lyby mouth {25). ~ 15• 

Vitamin K deficient diet + 20 
mg a - t ocophe ro l  by mouth 
every  other day (10) . . . . . .  105~:6.2 

Creatine kinase activity (in 
~moles CP) 

per  g ram p r o -  
tein of ext rac t  

638~39o6 

280•176 

592~53.0 

613~- 116.6 

pe r  g ram f resh  
weight of 
mus el e s 

7.7• 

4.6~:0.44 

6.8• 

7~177176 

TABLE 3. Protein Concentration in Extracts  of 
Skeletal Muscles of Albino Rats (M• 

N2ture of exper iment  Protein (in %) 

Vitamin K deficient diet (42) . 
Before administrat ion of 

pelentan (23) . . . . . . . . . . .  
Vitamin K deficient diet + 

vikasol (25) . . . . . . . . . . . .  
Vitamin K deficient diet + 

tocopherol  (10) . . . . . . . . . .  

1.29"0o086 

1.6 7~0.058 

1.28• 

1.30~0o97 

In the animals with avitaminosis K, produced by 
both methods, activity of the enzyme was significantly 
reduced (P < 0.001-0.01) compared with its level in 
rats kept on the normal vivarium diet and in rats 
receiving the vitamin K deficient diet supplemented 
with vfl~asol. Although c~-toeopherol did not protect 
the animals fromhypoprothrombinemia, itcompletely 
prevented the decrease in ereatine kinase activity due 
to avitaminosis K. 

The degree of depression of enzyme activity in 
the animals with avitaminosis K, when calculated per 
weight of muscle tissue, was less than when calculated 
per  gram protein of the muscle extract :  by the f i r s t  

method of calculation, the activity of the enzyme in the group of rats  receiving the s tandard diet was lower  
than in the other three groups by 1.48-1.67 t imes,  and by the second method it was lower by 2.11-2.28 t imes~ 
This difference can be explained by the higher  rate of extract ion of creat ine kinase f rom the muscles  of 
the animals with avitaminosis K (Table 3). 
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The reason  fo r  the inc reased  extractabi l i ty  of muscle  proteins  in animals with avitaminosis  K r e -  
quires  special  investigation. It must be emphasized that, despite the observed differences,  whatever  method 
was used to express  enzyme activity (relative to protein of ex t rac t  and to f resh  muscle),  its dec rease  in the 
animals with avi taminosis  K and the action of vikasol and ~- tocopherol  in preventing this phenomenon were  
both s ta t is t ical ly  significant.  

The dec rease  in creat ine  kinase activity in the muscle  t issue of the animals with avitaminosis  K can-  
not be explained by discharge of the enzyme into the blood, because activity of the enzyme in blood was also 
reduced.  

The dec rease  in ereat ine kinase activity of the skeletal  muscles  and blood se rum discovered  in both 
secondary  and p r i m a r y  forms  of vi tamin K deficiency is in good agreement  with the published data cited 
above indicating disturbance of other  components of the t ransphosphorylat ion sys tem and a dec rease  in 
synthesis  of h igh-energy  phosphorus compounds in this avi taminosis .  The effect  of o~-tocopherol in p r e -  
venting the dec rease  in crea t ine  kinase activity in avi taminosis  K is in agreement  with the corresponding 
effect  of vi tamin E in preventing the dec rease  in muscle ATPase  activity in avi taminosis  K [7]. This fact  
is fu r ther  evidence of the synerg i sm of action of two groups of substi tuted p-quinones (vitamins K and E) 
on t ransphosphorylat ion.  
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