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Changes are found in the activity of some enzymes in the musculature of the renal arteries in per-
sons with severe arterial hypertension: activity of myofibrillary ATPase is sharply increased, while ac-
tivity of cholinesterase and hexockinase is lowered.
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The purpose of this investigation was to study the activity of a number of enzymes in the muscular
tissues of the human blood vessel wall (myofibrillary adenosinetriphosphatase and acetylcholinesterase,
and also hexokinase) at various age periods under normal conditions and in essential hypertension.

EXPERIMENTAL METHOD

The renal arteries obtained from human cadavers not more than 24 h after death were studied. Ac-
cording to some data [6-8], the protein fractions and enzyme activity of the blood vessel wall, like those of
other tissues with a relatively low level of metabolism, remain unchanged for 24 h or even longer if the
material is kept at a low temperature.

Renal arteries from cadavers of persons dying from severe essential hypertension without well
marked signs of atherosclerosis were investigated. Similar arteries from persons not suffering from
cardiovascular diseases during life were used as controls. Altogether about 40 arteries from patients with
hypertension and the same number of controls were studied.

The ATPase (3.6.1.3) activity was determined in extracts of myofibrillary proteins by the usual
method based on the increase in content of inorganic phosphate at pH 9.1, and expressed as Qp. To detect
cholinesterase (3.1.1.8) activity in the same extracts, hydrolysis of acetylcholinew as carried out for 1.5h
at pH 7.8, the acetylcholine concentration in the sample after hydrolysis being determined by Hestrin's
method and expressed in ug acetylcholine hydrolyzed by 1 mg protein per hour. Hexokinase (2.7.1.1) ac-
tivity was determined from the lowering of the glucose concentration in a buffered solution containing ATP,
Mg,, KCl1, and KF, The glucose concentration in the samples was determined by the glucose —oxidase method [4].

EXPERIMENTAL RESULTS

Adenosinetriphosphatase. AT Pase activity in extracts of myofibrillary proteins obtained from per-
sons aged 15-75 years who had not suffered from hypertension was extremely low. Expressed as Qp: its
mean value was 30.94+4.4, and no clear differences associated with age could be detected. The coefficient
of corrleation between age and ATPase activity (r) was —0.02 (t =—0.,087, n = 21). Activity of this enzyme
in extracts from the renal arteries of persons with essential hypertension, as Table 1 shows, was much
higher (by 311%) than the results obtained in control experiments for the same age groups (P < 0.01; n=17),

Cholinesterase. Cholinesterase activity in extracts of myofibrillary proteins of control vessels taken
from persons of different ages averaged 226.2+26.4 ug acetylcholine hydrolyzed by 1 mg protein per hour
(Table 2).

A statistically significant negative correlation was found between age and enzyme activity in the ar-
teries (r =—0.51, t* =—2.8, n = 23),

*Calculated from the formula t =r lii—_j— 1.

Department of Biochemistry, Leningrad Pediatric Medical Institute. (Presented py Academician of
the Academy of Medical Sciences of the USSR V. 8. I'in.) Translated from Byulleten' Eksperimental 'noi
Biologii i Meditsiny, Vol. 67, No. 6, pp. 62-65, June, 1969, Original article submitted January 25, 1968,

636



TABLE 1. Activity of ATPase (Qp) in Extracts of The cholinesterase activity in arteries ob-

High Ionic Strength from Human Renal Arteries tained from persons aged 40-59 years with es-
Arteries from persons with- | Arteries from persons with sential hypertension was much lower (57.7%)
Age out hypertension hypertension than in control vessels of persons of the same
(in years) a M m n M e age group (P =0.05; n =7). However, this para-
meter in arteries of persons dying from hyper-
égzig g 2‘3;?8 813 o 06 3 s tension at an older age (60-75 years}hwaz Efnly
40—59 5 30,96 3,7 : ' i trol, and this difference
0z H 5520 i1 a 883 1350 slightly 10w1?r -than the. co.n.r 1, an is di
was not statistically significant.
The results of these investigations thus in~
TABLE 2. Cholinesterase Activity in Extracts of dicate that myofibrillary proteins of blood ves-
High Ionic Strength from Muscle of Human Renal sels obtained from cadavers of persons dying
Arteries from essential hypertension have lower cholines-
Arteries from persons with- {Arteries from persons with terase and considerably (almost three times)
Age out hypertension hypertension higher ATPase activity than controls. In conjunc-
(in years) |, M m n M £m tion with the observations of Yur'ev [1, 51, who
found an increase in the content of contractile
égiig 2 3??3 g‘%i protein in the renal arteries in essential hyperten-
40—59 4 180.3 329 | 7 | 1047 | 21,1 i : indi an increase in con-
6078 h 1694 s " 1301 557 smn,.they evidently indicate an increase in con
tractile power of the muscle of the blood vessel

wall in this disease.

Hexokinase. Hexokinase activity in extracts
of low jonic strength obtained from control ves-
sels taken from cadavers of persons aged 16-75
yvears averaged 0.38+0.05 pmole glucose con~

TABLE 3. Hexokinase Activity in Muscle of Human
Renal Arteries

Arteries from persons with- |Arteries from persons with

Age out hypertension hypertension
; < ol Lo P verted by 1 mg protein in 20 min (Table 3). A
(in years) y g
years n M +m n M ®m —
definite tendency was observed for enzyme ac-
16—29 7 0,221 0,094 tivity to increase with age, the coefficient of cor-
28:23 2 %’32553 %:%8 3 0,091 | 0051 relation between age and hexokinase activity (r)
50—59 4 0,449 0,090 6 0,165 0,041 being +0.54 (t =3.2, n = 27).
6075 4 0,569 0,070 141 0,192 0,029
According to the literature [7, 107 tissue
Total respiration in animals decreases with age and
16—75 27 6,380 0,050 | 23 0,149 0,040 lactic acid production in the aortic wall increases.

The results of this investigation, demonstrating

a marked increase with age in hexokinase activity—
one of the enzymes limiting the rate of glycolysis [3]—in the muscle of human blood vessels likewise con-
firm the increased role of glycolysis as the source of energy in blood vessel walls at a more advanced age.
Adaptation evidently takes place in vivo to energy production under conditions of a reduced oxygen supply
to the inner layers of the thickened vessel wall.

Hexokinase activity was much lower in the renal arteries of persons with essential hypertension. In
patients aged 40-49 years it was only 14% of the activity of control vessels taken from persons of the same
age (P <0.01,n =3). Admittedly, in older patients (50~75 years) this difference was much smaller, their
enzyme activity being 35% of the control value (P < 0.01, n = 20).

The results now described, as well as those of previous investigations [1, 2, 5], show that marked
biochemical changes take place in the muscle tissue of the blood vessels in persons with essential hyper-
tension. Inaddition to anincrease in content of the fraction containing proteins of the actomyosin complex,
the ATPase activity is considerably increased and the cholinesterase activity of the myofibrillary proteins
slightly reduced. Hexokinase activity of the vascular muscles is appreciably reduced in essential hyper-
tension. The changes detected thus concern both the biochemical substrate of the contractile reaction of
the blood vessels and also the energy metabolism in the muscle tissue. These changes in the muscle of the
blood vessels may evidently play an essential role in the genesis of essential hypertension.

637



B

.

W oo~ oL
P .

10,

638

LITERATURE CITED

1. 1. Ivanov and V. A. Yur'ev, Biochemistry and Pathobiochemistry of Muscles [in Russian], Lenin-
grad (1961), p. 223.

I. A. Mikhailova and V. A. Yur'ev, Abstracts of Proceedings of the All-Union Conference on Muscle
Biochemistry [in Russian], Moscow— Leningrad (1966), p. 93.

S. A. Neifakh and M. P. Mel'nikova, Biokhimiya, No. 3, 440 (1958).

S. A. Neifakh, N. K. Monakhov, and V. V. Mikhailov, in: Proteins in Medicine and the National
Economy [in Russian], Kiev (1965), p. 215.

V. A. Yur'ev, Byull. Eksperim. Biol, i Med., No. 5, 59 (1961).

1. Banga and A. Nowotny, Acta Physiol. Acad. Sei. Hung., 2, 317 (1951).

G. Hevelke and W. E. Goldhahn, Z. Alternsforsch., 12, 330 (1959).

J. E. Kirk, Atherosclerosis and Its Origin, New York (1963), p. 67.

J. E. Kirk, in: Perspectives in Experimental Gerontology, Springfield (1965}, p. 182,

A. F. Munro, B. M. Rifkind, A. C. K. F. Kenmure, et al.,Symp. Zool. Soc. Lond., 11, 141 (1964),



