
BIOCHEMISTRY AND BIOPHYSICS 

C R E A T I N E  K I N A S E  IN E X T R A C T S  OF S M O O T H  AND S T R I P E D  M U S C L E S  

A N D  T H E  E F F E C T  OF P A P A V E R I N E  ON I T S  A C T I V I T Y  

(UDC 612.734: 577.155.38]- 06 : 615.738.1) 

E. P.  C h e t v e r i k o v a  

Laboratory of Biochemistry (Head, Active Member AMN SSSR Professor S. E. Severin),  
Institute of Pharmacology and Chemotherapy (Director, Act ive Member AMN SSSR 
Professor V. V. Zakusov) of the AMN SSSR, Moscow 
(Presented by Active Member AMN SSSR S. E. Severin) 

Translated from Byulleten'  ~ksper imental 'noi  Biologii i Meditsiny, Vol. 58, No. 12, 
pp. 45-48,  December ,  1964 

Original  a r t ic le  submitted October 3, 1963 

Creat ine kinase and creat ine phosphate (CP) play an important role in the contract i le  ac t iv i ty  of striped 
muscles and in mainta ining the tone of smooth muscle [9]. When investigating the act ion of papaverine on myo- 
cardia l  metabol ism,  we observed a change i n t h e  ac t iv i ty  of creat ine  kinase (CK) following intravenous inject ion 
of the alkaloid into rabbits [4]. The chief  pharmacologica l  property of papaverine is its ab i l i ty  to lower the tone 

of smooth muscles,  including arteries.  The metabo l ic  processes in the ar ter ia l  wall  have recent ly  been studied 
intensively, and it has been found that enzymes of the t r icarboxyl ic  cyc le  [10, 14] and of glycolysis [7] are present 
in the aortic tissue, and that glycolysis is predominant over aerobic respiration [16]. Adenosinetriphosphatase [6, 
11], myokinase [12], and various other enzymes have been found in aortic tissue. Balo and co-workers [6] could 
not find CK in the aort ic wall,  when deten-nining this enzyme by a decrease in ATP content in the presence of 

creat ine.  

The present report describes the results of a study of the CK of smooth muscles and of the effect  of papav- 
erine on the CK of different types of muscle in different animals.  
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Fig. 1. Act ivi ty  of CK in ex-  
tracts of different muscles. The 
experiments  were conducted in 
ident ica l  conditions in phosphate 
buffer at pH 7.4. Act iv i ty  ex- 
pressed in gmoles  C P / m g  protein. 
1) Rabbit 's  skele ta l  muscle;  2) 
hen's  stomach; 3) rabbi t ' s  heart;  
4) dog's femoral  artery; 5) rab- 
bit 's  aorta. 

M E T H O D  

The heart  and vessels were irrigated with physiological  saline to re- 
move the blood, and the minced muscle tissue was extracted by grinding 
in the cold with 0.9% NaC1 solution in the proportion of 4 m l / g  tissue. The  
extract  was centrifuged at  3000 rpm and added in volumes of 0.2 ml (ex- 
t ract  of the b lood-vesse l  wall) or 0.05 m l  (extract  of heart  tissue, or skele- 

ta l  muscle tissue of rabbits, and of smooth muscle from the hen's stomach) 
per ml  of sample.  The incubated samples contained per ml:  7 gmole  so- 
dium salt of ATP, 16 gmole  creat ine,  1 gmole  MgSO4, 14 ~mole  phosphate 
or Tris buffer ( t r ihydroxymethylaminomethane and HC1) and 110 gmole  
NaCt. Incubation was carried out at 26 ~ and the pH of the incubation medi-  
um was 7.4. The react ion of CP formation was stopped by the addition of 
an equal  volume of 1.4% ammonium molybdate  in 2N H2SO 4 [1]. If at the 
same t ime  as the CP was determined,  the concentrat ion of inorganic phos- 
phate was est imated,  the react ion was carried out in Tris buffer. The  pro- 
teins were precipi ta ted with 5% t r ichloroacet ic  acid. Ammonium molybdate  
was added to the t r ichloroacet ic  extract  and the amount of creat ine formed 
was deten-nined after 40 rain with a lkal ine  picrate (0.2 ml of test solution, 
0.6 ml of 5~ NaOH solution, and 1.2 ml  of a saturated solution of picric 
acid [1, 8]). The concentrations of inorganic phosphate and protein were 
determined by  Lowry's method [17, 18]. Papaverine hydrochloride was 
added to the samples in 0.1 ml  of aqueous solution. 
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Fig. 2. Formation of CP by tissue of rab- 

bit 's aorta in relation to pH (A) and nature 

of buffer used (B). 1) Phosphate buffer; 2) 

Tris buffer. CP content expressed as 

~moles per sample. 
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Fig. 3. Relationship between ATPase activity (in 

the presence of Mg) and CK activity in extract of 

rabbit 's  aorta at pH 7.4. Concentration of CP 

expressed in ~moles per sample, and of inorganic 

phosphate-  in gatot-ns per sample. 

TABLE 1. Effect of Papaverine on Creatine Kinase of Extract 

of Rabbit's Aorta 

Concentration 

of papaverine, 
x10 -7 M 

0 

1 

2 

5 
10 

Amount of CP formed in sample in i0 rain 

(in g moles) 

0.40 

0.59 

Phos )hate buffer 

0.34 0.45 0.22 

0.41 0.95 - 

0.50 0.95 0.22 

0.60 0.59 0.36 

- -  - -  0 . 2 4  

0.49 

0.59 

0.57 

0.54 

Tris buffer 

0.27 0.26 

0.27 0.30 

0.27 0.27 

0.27 0.26 

0.32 0.26 

0.25 

0.29 

0.23 

TABLE 2. Effect of Papaverine on Adenosinetriphosphatase 
Activity of Extract of Rabbit's Aorta 

Concentration 

of papaverine, 
x lO  -6 M 

0 

0.5 
1 

2 

After in- After in- 

Amount of inorganic phosphate per 
sample (in ~moles) 

After incubation 
cubation 

for 10 min 

0.38 0.60 1.41 

0.58 1.13 1.60 

0.58 0.80 1.)3 
- 0.80 1.73 

for 2 0  m i n  
cubation 

for 5 m in 

R E S U L T S  

CK of  S m o o t h  M u s c l e s  

During incubation of the extract-from the 

arterial wall (femoral artery of a dog and aorta of 

a rabbit) with ATP and creatine CP was formed. The 

intensity of this process was much lower than in the 

case of the other muscles (Fig. 1). It is clear from 

Fig. 2A, which shows the relationship between CP 
formation and pH, that CP formation was max imal  

in the extract of rabbit 's aorta at pH 9. At pH 7 the 
reaction quickly reached equil ibrium, which is very 

characteristic of CK. The CK activity of the aorta 

is dependent on the nature of the buffer: in a phos- 

phate buffer it was higher than in Tris buffer (Fig. 2B). 

According to reports in the literature aortic tissue contains active ATPase, soluble in 0.9% NaCI solution, but 
little work has been done to study its properties. In our experiments considerable formation of inorganic phosphate 

was also observed from added ATP in extract of rabbit 's aorta. Splitting of ATP was found to be activated by the 

addition of 1 gmole Mg ++ by 10(fl0, and if the same quantity of Ca ++ was a d d e d - b y  200%. It is clear from Fig. 3 
that the ATP in the extract of the wall of the rabbit 's aorta was subjected mainly  to hydrolysis, and that a smaller 
proportion of the high-energy phosphate was transferred to creatine. 

The addition of papaverine to the sample in a wide range of concentrations led to an increase in the CP for- 
marion if the reaction was carried out in phosphate buffer; in similar conditions in Tris buffer no such increase took 

place (Table 1). The formation of inorganic phosphate in the presence of papaverine was also increased (Table 2). 
It should be noted that the action of papaverine on the two processes was independent of its concentration. 
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TABLE 3. Act iv i ty  of CK of Extract 

of Rabbit 's  Heart Muscle (in ~moles 
CP per sample)  Dependin I 

Incubation 
t ime,  rain 

1 

2 
5 

10 

The effect of papaverine on CK from another smooth muscle (the 

hen's stomach) was also studied. In this case the ac t iv i ty  was much higher 
on Buffer than in the ar ter ia l  wall  (see Pig. 1), but the action of papaverine was 

Phosphate Tris re la t ive ly  weak. 

buffer buffer CK of  E x t r a c t  f r o m  R a b b i t ' s  H e a r t  M u s c l e  

0.19 0.16 The act iv i ty  of the CK of heart  tissue in phosphate buffer was higher 
0.38 0.24 than in Tris buffer (Table  3). According to previous findings [4], papav- 
0.70 0.51 erine in a concentrat ion of 1 x 10 -7 -1  x 10 -6 M increased CP formation 

1.11 0.84 during incubation in phosphate buffer; in Tris buffer no such increase was 

observed. 

Hence,  the phosphate ion is an essential  condition for the manifestat ion of the act ivat ing effect of papaverine 
on CK. This distinguishing feature Of the act ion of papaverine,  together with the absence of any relationship between 
the concentrat ion of the alkaloid and the degree of its effect ,  demonstrate  that  it  has no direct  act ivat ing act ion on 

the enzyme.  

The problem of the b iochemica l  mechanism of the act ion of vasodilator  substances has received very l i t t le  
study. According to the results which have been obtained [2, 3], the tone of smooth muscles on which papaverine 
acts depends on the presence of specific proteins within these muscles. It is diff icult  to imagine,  however, that  the 
rapid decrease in tone taking place  during the action of vasodilator substances was related to a change in the protein 

content,  as has been demonstrated,  for example ,  in the case of a chronic disturbance of vascular tone [8]. Some 

workers at tr ibute the vasodilator act ion of pharmacologica l  agents to their influence on energy metabol ism in the 

vascutar wal l  [15, 19, 20]. The muscular  layer of the vessel wall  is distinguished by a very low content of high- 
energy phosphorus compounds [13, 20]. It may be postulated on the basis of the results described in this paper that 

administrat ion of papaverine leads to a decrease in the ATP content.  
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Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in t h e  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  o f  t h e  a b b r e v i a t i o n s  a s  g i v e n  in the  o r i g i n a l  R u s s i a n  journal .  Some or  all o[  th is  per/~  

o d i c a l  l i t e ra ture  may wel l  be  avai'lable in Engl ish  translat ion.  A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  t h i s  i s s u e .  
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