EFFECT OF CITRIC ACID ON EX_'ERIMENTAL
HYPERCHOLESTEREMIA AND ATHEROSCLEROSIS
IN RABBITS
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Citric acid in a dose of 960 mg/kg body weight facilitates a more rapid lowering of the cholesterol
level in the blood, liver, adrenals, and aorta of rabbits after stopping cholesterol feeding. The activity of
certain enzymes of the esterase group in the aorta is also restored to normal, A mixture of carbonates of
the alkali and alkaline-earth metals gives the opposite effect,
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‘There are reports in the literature that in progressive atherosclerosis the intensity of oxidation is
diminished and the quantity of incompletely oxidized products in the blood and urine increases. In cases
of regression of atherosclerosis, the content of incompletely oxidized products becomes lower, Hence, an
increas= in the content of incompletely oxidized products may be an index of the activity of atherosclerosis
[3]. Disturbance of the tricarboxylic acid cycle always leads to an increased accumulation of ketone bodies,
and correspondingly, to disturbance of fatty acid metabolism [4, 5, 9]. The formation and accumulation of
ketone bodies are easily suppressed by restoring the normal function of the tricarboxylic oxidative cycle
of administration of citrates {2], The antiketogenic action of citric acid has been demonstrated not only in
ketones caused by ammonium salts and butyric acid, but also in diabetic ketoses in man and in alloxan
diabetes in rabbits [2].

In the present investigation the effect of citric acid on the regression of cholesterol atherosclerosis
was studied in rabbita.

EXPERIMENTAL METHOD

Experiments were carried out on 27 male chinchilla rabbits initially weighing 2.3-2.5 kg. In the first
period of the experiment (100 days) all the animals received a basic ration consisting of the following com~
ponents: 50 g hay, 80 g oats, 100 g vegetables, and 200 mg cholesteroV/kg body weight, Cholesterol was
given to the animals as a fine suspension in starch pastc mixed with the food, The cholesterol content in
the blood plasma was measured every 20 days for 100 days by the method of Chiameori and Henry {8]. The
rabbits developed cholesteremia to an unequal degree, and toward the end of the first period of the experi-
ment the blood cholesterol level varied from 285 to 1169 mg %. To determine the degree of the morpho-
logical and biochemical changes in the organs the animals of group 1 were sacrificed after 100 days, Cho-
lesterol in the organs was determined by Abell's method {7], total lipids gravimetrically, and the activity
of the enzymes as follows: phosphomonoesterases 1and 2 (PME-1, PME-2), acetylcholinesterase (ACE),
butyrylcholinesterase (BCE), and tributyrinase in the aorta by A. A. Pokrovskii's method {6]. The remain-
ing rabbits were subdivided into 2 groups, with 10 animals in each group, depending on their plasma cho-
lesterol concentration, Cholesterol feeding was stopped after 100 days, and from the following day the anf-
mals of group 2 received a basic ration without cholesterol and a mixture of carbonates of alkali and al-
kaline-earth metals (260 mg/kg) for 50 days,

The rabbits of group 3 (experimental group) received a ‘basic ration: citricacidina dose of 950
mg/kg, and 260 mg of a mixture of carbonates of alkali and alkaline-earth metals (28 mg NaHCOQy, 113 mg
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Fig. 1. Activity of certain enzymes in the aorta of control
and experimental rabbits. I) Phosphomonoesterase-1; II) phos-
phomonoesterase-2; II) acotylcholinesterase; IV) butyryl-
cholinesterase; V) tributyrinase; 1) rabbits not receiving
cholesterol with diet; 2) rabbits receiving cholesterol with
diet for 100 days; 3) rabbits receiving basic ration for 50
days after stopping cholesterol feeding; 4) rabbits receiving
basic diet and citric acid for 50 days after stopping choles.
terol feeding, Vertical axis: enzyme activity (in pmoles sub-
strate decomposed by 1 g fresh tissue/min).

K,COs, 107 mg CaCO,, and 20 mg MgCO;). The ratio between the various elements (sodium, potassium,
caleiul,, and magnesium) present as carbonates was determined from the content of these substances in the
natural products,

EXPERIMENTAL RESULTS

The results of biochemical investigations of the blood plasma and internal organs of the animals of
group 1 are given in Table 1 and Fig. 1. In the animals of this group a high content of cholesterol and total
lipids was observed in the Hver, adrenals, and aorta, The atherosclerotic changes in the aorta varied in
degree and were assessed {rom 1+ to 5+ [1]. The total lipid content in the aorta, calculated per gram fresh
weight of intima and plaques, reflected the degree of involvement of the aorta. The intima of the aorta of
most animals was rough throughout its extent and contained a large number of yellowish-white irregularly
shaped plagues which had merged with one another over large areas., A decrease in the activity of the en-
zymes PME-1, PME-2, ACE, BCE, and tributyrinase was observed in the wall of the aorta. Results show-
ing the effect of citric acid and carbonates of alkali and alkaline~earth metals on rezression of the hyper-
cholesteremia and atherosclerosis in the rabbifs are given in Table 1 and Fig. 1,

Feeding with citric acid after stopping addition of cholesterol to the diet accelerated regressicn of the
cholesteremia, and in the {irst 10 days a statistically significant decrease in the blood cholesterol concen-
tration took place. After 30 days, the cholesterol level returned to the upper limit of normal, and by the
end of the experiment it was within normal limits, The cholesterol content in the control animals still re-
mained high after 30 days (92.9 to 440 mg %), and not until afler 50 days did it reach a mean level of 76,7
mg %. The content of cholesterol and total lipids in the organs of the animals recelving citric acid was
much lower than in the controls. The atherosclerotic changes in the aorta were more marked in the con-
trol animals (3+) than in the experimental (2+), The total content of lipids in the zorta of these animals
bore a definite relationship to the macroscopic severity of the atherosclerosis,

A more rapid recovery of the activity of the enzymes PME-1 and PME-2, ACE, BCE, and tributy-
rinase was observed in the rabbits receiving citric acid. In the animals of group 1, the activity oi these
enzymes was sharply lowered, especially in rabbits with a high blood cholesterol (800-1040 mg% or more),
‘The atherosclerotic changes in the aorta of the animals were very severe over wide areas (from the arch
of the aorta to its bifurcation). In most of the experiments the correlation between a high blood cholesterol
level and the severity of the atherosclerotic changes in the aorta was more or less complete,

Citric acid in a dose of 960 mg/kg accelerates the decrease in blood cholesterol level during regres-
sion of aliinentary hypercholesteremia and atherosclerosis in rabbits, and also lowers the content of cho-
lesterol and total lipids in the organs. In addition, it facilitates the more rapid recovery of activity of cer-
tain enzymes of the osterase group in the wall of the rabbits’ aorta, A mixture of carbonates of alkali and
alkaline-earth metals has the oppasite effect.
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