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Changes a r e  found in the ac t iv i ty  of some enzymes  in the muscu la tu re  of the r ena l  a r t e r i e s  in p e r -  
sons with s e v e r e  a r t e r i a l  hyper t ens ion :  ac t iv i ty  of m y o f i b r i l l a r y  A T P a s e  is sha rp ly  i n c r e a s e d ,  while a c -  
t iv i ty  of c h o l i n e s t e r a s e  and hexokinase  is lowered .  

The purpose  of this  inves t iga t ion  was to study the ac t iv i ty  of a number  of enzymes  in the m u s c u l a r  
t i s s u e s  of the human blood v e s s e l  wall  (myof ib r i l l a ry  adenos ine t r iphospha ta se  and a c e t y l c h o l i n e s t e r a s e ,  
and a l so  hexokinase)  at  va r ious  age per iods  under  no rma l  condit ions and in e s sen t i a l  hyper t ens ion .  

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

The rena l  a r t e r i e s  obta ined f rom human c a d a v e r s  not more  than 24 h a f t e r  death were  s tudied.  Ac-  
cording  to some data [6-81, the p ro te in  f rac t ions  and enzyme ac t iv i ty  of the blood v e s s e l  wal l ,  l ike those of 
o ther  t i s sue s  with a r e l a t i v e l y  low level  of m e t a b o l i s m ,  r e m a i n  unchanged for  24 h o r  even longer  if  the 
m a t e r i a l  is  kept  a t  a low t e m p e r a t u r e .  

Renal a r t e r i e s  f rom cadave r s  of pe r sons  dying f rom s e v e r e  e s sen t i a l  hyper tens ion  without well  
m a r k e d  s igns of a t h e r o s c l e r o s i s  were  inves t iga ted .  S i m i l a r  a r t e r i e s  f rom pe r sons  not suf fe r ing  f rom 
c a r d i o v a s c u l a r  d i s e a s e s  during life were  used  as  con t ro l s .  Al toge the r  about 40 a r t e r i e s  f rom pat ients  with 
hype r t ens ion  and the same number  of con t ro l s  were  s tudied.  

The A T P a s e  (3.6.1.3) ac t iv i ty  was de t e rm i ne d  in e x t r a c t s  of m y o f i b r i l l a r y  p ro te ins  by the usual  
method b a s e d  on the i n c r e a s e  in content  of inorgan ic  phosphate at pH 9.1, and e x p r e s s e d  as  Qp. To de tec t  
c h o l i n e s t e r a s e  (3.1.1.8) ac t iv i ty  in the s ame  e x t r a c t s ,  h y d r o l y s i s  of ace ty lchol ine  w as  c a r r i e d  out for  1.5 h 
at  pH 7.8, the aee ty lcho l ine  concent ra t ion  in the sample  a f t e r  h y d r o l y s i s  be ing  de t e r m i ne d  by H e s t r i n ' s  
method and e x p r e s s e d  in pg ace ty lcho l ine  hydro lyzed  by 1 mg p ro te in  p e r  hour .  Hexokinase (2.7.1.1) a c -  
t iv i ty  was de t e rmined  f rom the lower ing  of the g lucose  concen t ra t ion  in a buffered  solut ion containing ATP,  
Mg,, KC1, and KF.  The glucose  concent ra t ion  in the s a m p l e s  was de t e rmined  by the g l u c o s e - o x i d a s e  method [4). 

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

Adenos ine t r iphospha ta se .  A T P a s e  ac t iv i ty  in e x t r a c t s  of m y o f i b r i l l a r y  pro te ins  obtained f rom p e r -  
sons aged 15-75 y e a r s  who had not suf fe red  f rom hyper t ens ion  was e x t r e m e l y  low. E x p r e s s e d  as Qp, i ts 
mean value  was 30.94=~4.4, and no c l e a r  d i f f e rences  a s s o c i a t e d  with age could be de tec ted .  The coeff ic ient  
of c o r r l e a t i o n  between age and A T P a s e  ac t iv i ty  (r) was - 0 . 0 2  (t = - 0 .087 ,  n = 21). Act iv i ty  of this  enzyme 
in  e x t r a c t s  f rom the rena l  a r t e r i e s  of pe r sons  with e s sen t i a l  hype r t ens ion ,  as  Table 1 shows,  was much 
h igher  (by 311%) than the r e s u l t s  obtained in control  expe r imen t s  for  the s ame  age groups (P < 0.01; n=17) .  

Cho l i ne s t e r a se .  C h o l i n e s t e r a s e  ac t iv i ty  in e x t r a c t s  of m y o f i b r i l l a r y  pro te ins  of cont ro l  v e s s e l s  taken 
f rom pe r sons  of d i f fe ren t  ages  a v e r a g e d  226.2• ace ty lchol ine  hydro lyzed  by 1 mg p ro te in  ~er  hour 
(Table 2). 

A s t a t i s t i c a l l y  s ign i f ican t  negat ive  c o r r e l a t i o n  was found between age and enzyme ac t iv i ty  in the a r -  
t e r i e s  (r = - 0 . 5 1 ,  t* = - 2 . 8 ,  n = 23). 

r n - -  2 
*Calculated f rom the formula  t = r ~ [91. 
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T A B L E  1. A c t i v i t y  of A T P a s e  (Qp) in E x t r a c t s  of 
High Ion ic  S t r eng th  f r o m  H u m a n  Rena l  A r t e r i e s  

[Arteries:from persons with- Arteries from persons with 
Age out hypertension hypertension 

(in years) 

15--29 
30--39 
40--59 
60--75 

n M :i:m 

34,50 9,5 
3O,5O 9,O 

5 30,96 3,7 
25,20 4,1 

n M :km 

96,3 14,82 
88,8 13,50 

T A B L E  2. C h o l i n e s t e r a s e  A c t i v i t y  in E x t r a c t s  of  
High Ionic  S t r e n g t h  f rom M u s c l e  of Human  Rena l  
A r t e r i e s  

Age 
(in years) 

15--29 
30--39 
40--59 
60--75 

Arteries from persons with- Arteries from persons with 
out hypertension " hypertension 

I- l ; --5= 7: 
I 337,5 

217,8 
180,3 
169,4 

42,6 
55,4 
32,9 
9,5 

1~ ( 104,7 t 21,1 
139,1 25,7 

T A B L E  3. H e x o k i n a s e  A c t i v i t y  in M u s c l e  of Human  
Renal  A r t e r i e s  

Arteries from persons with- 
Age out hypertension 

(in years) 

16--29 
30--39 
40--49 
50--59 
60--75 

Total 
16--75 

n M 2:m 

8 0,221 0,094 
0,253 0,070 
0,625 O, 100 
0,449 0,090 

4 0,569 0,070 

27 0,330 0,050 

Arteries from persons with 
�9 _ hypertension _ _  

n M ~rn 

0,091 
0,165 

14 0,192 

23 0,149 

0,051 
0,041 
0,029 

0,040 

The  c h o l i n e s t e r a s e  a c t i v i t y  in a r t e r i e s  ob -  
t a i n e d  f r o m  p e r s o n s  aged  40-59 y e a r s  wi th  e s -  
s e n t i a l  h y p e r t e n s i o n  was  much  l o w e r  (57.7%) 
than  in c o n t r o l  v e s s e l s  of p e r s o n s  of the  s a m e  
age  g r o u p  (P  = 0.05; n = 7). H o w e v e r ,  th i s  p a r a -  
m e t e r  in  a r t e r i e s  of  p e r s o n s  dying f r o m  h y p e r -  
t e n s i o n  at  an  o l d e r  age  (60-75 y e a r s )  was  on ly  
s l i g h t l y  l o w e r  than  the c o n t r o l ,  and th i s  d i f f e r e n c e  
was  not s t a t i s t i ca I ly  s ignif icant~ 

The  r e s u l t s  of  t h e s e  i n v e s t i g a t i o n s  thus  i n -  
d i e a t e  tha t  m y o f i b r i l l a r y  p r o t e i n s  of  b l o o d  v e s -  
s e l s  ob ta ined  f r o m  c a d a v e r s  of p e r s o n s  dy ing  
f r o m  e s s e n t i a l  h y p e r t e n s i o n  have  l o w e r  e h o l i n e s -  
t e r a s e  and c o n s i d e r a b l y  ( a l m o s t  t h r e e  t i m e s )  
h i g h e r  A T P a s e  a c t i v i t y  than  c o n t r o l s .  In e o n j u n c -  
t i on  with  the  o b s e r v a t i o n s  of Y u r ' e v  [1, 5], who 
found an i n c r e a s e  in the  con ten t  of c o n t r a c t i l e  
p r o t e i n  in the  r e n a l  a r t e r i e s  in e s s e n t i a l  h y p e r t e n -  
s ion ,  t hey  e v i d e n t l y  i nd i ca t e  an i n c r e a s e  in con-  
t r a c t i l e  p o w e r  of  the m u s c l e  of the  b lood  v e s s e l  
wa l l  in th i s  d i s e a s e .  

H e x o k i n a s e .  H e x o k i n a s e  a c t i v i t y  in e x t r a c t s  
of low ionic  s t r e n g t h  ob ta ined  f r o m  c o n t r o l  y e s -  
s e l s  t aken  f r o m  c a d a v e r s  of  p e r s o n s  aged  16-75 
y e a r s  a v e r a g e d  0.38:~0.05 g m o l e  g l u c o s e  con-  
v e r t e d  b y  1 m g  p r o t e i n  in 20 rnin (Tab le  3). A 
de f in i t e  t e n d e n c y  was  o b s e r v e d  for  e n z y m e  a e -  
t i v i t y  to i n c r e a s e  wi th  age ,  the  c o e f f i c i e n t  of  e o r -  
r e l a t i o n  b e t w e e n  age  and  h e x o k i n a s e  a c t i v i t y  (r) 
b e i n g  +0~ (t =3~ n = 27). 

A c c o r d i n g  to the  l i t e r a t u r e  [7, 101 t i s s u e  
r e s p i r a t i o n  in a n i m a l s  d e c r e a s e s  with age  and 
l a c t i c  a c i d  p r o d u c t i o n  in the  a o r t i c  wal l  i n c r e a s e s .  
The  r e s u I t s  of th i s  i n v e s t i g a t i o n ,  d e m o n s t r a t i n g  
a m a r k e d  i n c r e a s e  wi th  age  in h e x o k i n a s e  a c t i v i t y -  

one of the  e n z y m e s  l i m i t i n g  the r a t e  of g l y e o l y s i s  [ 3 l - i n  the m u s c l e  of h u m a n  b lood  v e s s e l s  l i k e w i s e  con-  
f i r m  the i n c r e a s e d  r o l e  of g l y e o l y s i s  a s  the  s o u r c e  of e n e r g y  in b lood  v e s s e I  w a i l s  a t  a m o r e  a d v a n c e d  age .  
A d a p t a t i o n  e v i d e n t l y  t a k e s  p l a c e  in  v ivo  to e n e r g y  p r o d u c t i o n  u n d e r  cond i t i ons  of a r e d u c e d  oxygen  supp ly  
to the i n n e r  l a y e r s  of  the t h i c k e n e d  v e s s e l  wa l l .  

H e x o k i n a s e  a c t i v i t y  was  much l o w e r  in the r e n a l  a r t e r i e s  of  p e r s o n s  wi th  e s s e n t i a l  h y p e r t e n s i o n .  In 
p a t i e n t s  a g e d  40-49 y e a r s  i t  was  only  14% of the  a c t i v i t y  of c o n t r o l  v e s s e l s  t aken  f r o m  p e r s o n s  of the  s a m e  
age  (P < 0.01,  n = 3). A d m i t t e d l y ,  in o l d e r  p a t i e n t s  (50-75 y e a r s )  th i s  d i f f e r e n c e  was  much  s m a l l e r ,  t h e i r  
e n z y m e  a c t i v i t y  b e i n g  35% of  the  c o n t r o l  v a l u e  (P  < 0.01, n = 20). 

The  r e s u l t s  now d e s c r i b e d ,  a s  we l l  a s  t h o s e  of  p r e v i o u s  i n v e s t i g a t i o n s  [1, 2, 51, show tha t  m a r k e d  
b i o c h e m i c a l  changes  t a k e  p l a c e  in the  m u s c l e  t i s s u e  of  the  b lood  v e s s e l s  in p e r s o n s  with e s s e n t i a l  h y p e r -  
t e n s i o n .  In add i t i on  to an i n c r e a s e  in con ten t  of the f r a c t i o n  con ta in ing  p r o t e i n s  of the a c t o m y o s i n  c o m p l e x ,  
the  A T P a s e  a c t i v i t y  is  e o n s i d e r a b I y  i n c r e a s e d  and the c h o l i n e s t e r a s e  a c t i v i t y  of the m y o f i b r i l t a r y  p r o t e i n s  
s l i g h t l y  r e d u c e d .  Hexok ina se  a c t i v i t y  of  the  v a s c u l a r  m u s c l e s  is  a p p r e c i a b l y  r e d u c e d  in e s s e n t i a l  h y p e r -  
t e n s i o n .  The  changes  d e t e c t e d  thus  c o n c e r n  both  the  b i o c h e m i c a l  s u b s t r a t e  of  the  c o n t r a c t i l e  r e a c t i o n  of  
the  b lood  v e s s e l s  and a l s o  the  e n e r g y  m e t a b o l i s m  in the  m u s c l e  t i s s u e .  T h e s e  changes  in the m u s c l e  of the  
b l o o d  v e s s e l s  m a y  e v i d e n t l y  p l a y  an e s s e n t i a l  r o l e  in  the  g e n e s i s  of  e s s e n t i a l  h y p e r t e n s i o n .  
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