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The initial stages of nonischemic chronic heart failure in rats (model of oleothorax) were ac-
companied by the development of dyslipidemia. This state was characterized by an increase 
in total cholesterol concentration (due to the fraction of low-density lipoproteins) and athero-
genicity index. The concentrations of plasma total cholesterol and low-density lipoproteins 
were shown to decrease in animals with severe course of nonischemic chronic heart failure. 
These changes were accompanied by a decrease in the atherogenicity index. Intragastric ad-
ministration of cholesterol had little effect on the lipid composition of blood plasma in rats, 
irrespective of the severity of heart failure.
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Dyslipidemia often accompanies the development of 
chronic heart failure (CHF) in patients. In medical 
practice, lipid metabolism disorders during CHF are 
believed to be associated with changes in coronary 
heart disease (CHD). This state is pathogenetically re-
lated to atherogenic dyslipidemia [4]. In other words, 
dyslipidemia is often considered as an independent 
process not related to CHF. However, it seems unlikely 
that CHF, a systemic disorder involving the whole or-
ganism, does not affect lipid metabolism. It can be hy-
pothesized that the pathogenetic role of dyslipidemia 
signifi cantly varies with the transition from CHD to 
CHF. There are contradictory data on the qualitative 
changes in blood plasma lipids during CHF of various 
functional classes [1,6]. It is impossible to evaluate the 
contribution of heart failure into the pathogenesis of 
comorbid dyslipidemia in patients with various under-
lying diseases. This problem can be solved by studies 
on animals with experimental disorders.

Here we studied the lipid composition of blood 
plasma during experimental CHF, which was etiologi-
cally unrelated to CHD or arterial hypertension.

MATERIALS AND METHODS

CHF in rats was induced by administration of silicon 
oil into the pleural cavity [8,10]. This approach al-
lows us to increase gradually the severity of disease 
in experimental animals. This experimental model re-
produces a progressive type of CHF, but excludes the 
effect of underlying diseases (dyslipidemia, CHD, and 
arterial hypertension) on the course of this disorder. 
Absorption of silicon oil from the pleural cavity and 
effect of this oil on the lipid composition of blood 
plasma should be excluded due to its inertness [8]. 
This conclusion was confi rmed after thoracotomy and 
measurement of the total volume of silicon oil.

Experimental CHF was induced in rats of 4 groups 
under hexenal anesthesia (100 mg/kg intraperitone-
ally). Group 1 animals (n=13) received two injections 
of silicon oil as follows: (1) 1.5 ml silicon oil per 100 
g body weight into each pleural cavity; and (2) 1 ml 
silicon oil per 100 g body weight into each pleural 
cavity (30 days after the 1st treatment).

Experimental CHF in group 2 animals (n=13) was 
induced as described for group 1 specimens. These 
rats also received daily injections of 10% oil emul-
sion of cholesterol (CH, 0.5 ml per 100 g body weight 
intraperitoneally) starting from the 2nd day after the 
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1st intrapleural injection of silicon oil to the end of 
observations.

Group 3 animals (n=15) received the 3rd injection 
of silicon oil in a dose of 1 ml per 100 g body weight 
(into each pleural cavity) on day 60 after the 2nd injec-
tion of silicon oil.

Experimental CHF in group 4 animals (n=15) was 
induced as described for group 3 specimens (3-fold 
intrapleural injection of silicon oil into the pleural 
cavities). These rats also received daily injections of 
10% oil emulsion of CH (intraperitoneally) starting 
from the 2nd day to the end of observations.

Therefore, the severity of CHF was greater in rats 
of groups 3 and 4. The duration of experiments was 
60 days (groups 1 and 2) or 120 days (groups 3 and 
4). Blood lipid composition was studied by the end 
of experiments. Two groups of intact rats (10 animals 
per group) of the same age served as the control. All 
animals were housed under similar conditions and re-
ceived standard diet (pelleted food).

The concentrations of total CH, high-density lipo-
protein (HDL) CH, and triacylglycerides (TG) in blood 
plasma were measured by the enzymatic colorimetric 
method with standard kits (Human). The amount of 
low-density lipoprotein (LDL) CH was evaluated as 
the difference between the concentrations of total CH, 
HDL CH, and very low-density lipoprotein (VLDL) 
CH. The content of VLDL CH was calculated as the 
TG/2.2 ratio [3]. The index of plasma atherogenicity 
was calculated as the difference between the concen-
trations of total CH and HDL CH divided by the con-
centration of HDL CH [7].

The differences were signifi cant at p<0.05 (Stu-
dent’s t test).

RESULTS

Total CH concentration in blood plasma from CHF rats 
was shown to increase by 12% after 2-fold injection 
of silicon oil into the pleural cavity (p<0.05 compared 
to intact animals). Elevation of total CH concentration 
was mainly related to a 19% increase in the content 
of LDL CH (p<0.05 compared to intact animals). The 
concentrations of HDL CH, VLDL CH, and TG re-
mained practically unchanged. The atherogenicity in-
dex increased by 17% (Table 1). Variations in the lipid 
composition in group 2 animals were similar to those 
in intact specimens. The concentration of total CH, 
content of LDL CH, and atherogenicity index in these 
animals increased by 22, 35, and 23%, respectively 
(p<0.05). The amount of TG, VLDL CH, and HDL CH 
did not change under these conditions. No differences 
were found between groups 1 and 2.

The increase in the concentrations of LDL CH 
and total CH in blood plasma from rats with mode rate 

CHF was probably related to a decrease in activity of 
liver enzymes that play a role in the catabolism of CH 
and lipoproteins [7]. For example, activation of lipid 
peroxidation (LPO) is followed by the inhibition of 
microsomal hydroxylase (key enzyme in CH catabo-
lism) [2]. Oxidative stress can be induced by hyper-
activation of the sympathoadrenal system, particularly 
during suppression of antioxidant defense enzymes. 
These changes are observed during CHF [2,9]. LPO 
plays an important role in the pathogenesis of cardio-
vascular diseases, because free radicals are involved in 
the modifi cation of LDL increasing their atherogenic 
potential [5,12].

Qualitatively different changes in lipid composi-
tion of blood plasma were revealed in animals with 
severe CHF (Table 2). Total CH concentration in these 
rats decreased by 27% (p<0.05 compared to intact ani-
mals), which mainly resulted from a sharp decrease in 
the content of LDL CH (by 53%, p<0.05). Similarly 
to animals with moderate CHF, variations in the con-
centrations of HDL CH, VLDL CH, and TG were in-
signifi cant in rats with severe disorder (as compared to 
intact specimens). The atherogenicity index in animals 
with severe CHF decreased by 43% (p<0.05). Ad-
ditional treatment of group 4 animals with CH emul-
sion had no effect on the lipid composition of blood 
plasma (compared to group 3 rats). The concentration 
of total CH, content of LDL CH, and atherogenicity 
index in group 4 animals decreased by 24, 49, and 
42%, respectively, compared to intact rats (p<0.05). 
The concentrations of TG, VLDL CH, and HDL CH 
remained practically unchanged in these rats.

The data on animals with severe CHF are consis-
tent with the results of clinical trials. A negative cor-
relation was found between the concentration of total 
CH in blood plasma from CHF patients and functional 
class of the disease [1,6].

It remains unclear why the concentration of CH 
correlates negatively with the severity of CHF. The 
endotoxin-lipoprotein theory [15] postulates that CH-
rich lipoproteins have a protective effect and neutral-
ize endotoxins of pathogenic intestinal bacteria, which 
circulate in the blood during intestinal obstruction and 
dysbacteriosis under conditions of reduced pump func-
tion of the heart in congestive CHF. In the absence of 
suffi cient amounts of LDL, endotoxins activate CD14 
receptors on the surface of monocytes and mast cells. 
They stimulate the synthesis and release of proin-
fl ammatory cytokines in the circulation (e.g., tumor 
necrosis factor-α). These cytokines contribute to the 
progression of heart failure [11,13].

Our results indicate that intragastric administra-
tion of CH produced less pronounced effect on the li-
pid composition in rats with severe experimental CHF 
than in animals with moderate disease. These data 
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indirectly confi rm the theory of hypocholesterolemia 
due to abnormal intestinal absorption at the stage of 
dystrophic changes during progressive CHF. Possible 
impairment of synthetic processes in the liver (target 
organ in CHF) should be taken into account.

Our results indicate that the initial stage of ex-
perimental nonischemic CHF in rats is accompanied 
by blood dyslipidemia. This state manifested in the 
elevation of total CH concentration (due to the fraction 
of LDL) and increase in the atherogenicity index of 
blood plasma. The development of severe CHF is ac-
companied by a decrease in the concentrations of total 
CH and LDL CH and reduction of the atherogenicity 
index. Intragastric administration of CH for 60-120 
days had little effect on the lipid composition of blood 
samples from rats with CHF of different severity.
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