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INTRODUCTION 

In recent years, significant factual material has accumu-
lated that shows that heavy metals can substantially affect 
the function, metabolism and structure of the nervous 
system, heart and blood vessels, as well as other systems 
[1-6]. These metals affect various aspects of cardiovascular 
system function by blocking enzyme systems to a certain 
extent, leading to the formation of free radicals [7].

Flavonoids that exhibit antioxidant properties inhibit-
ing the formation of free radicals [8-13] are of particular 
importance in the prevention of cardiovascular diseases. 
One flavonoid already in pharmacology use is Quercetin. 
It manifests its antioxidant activity through its complex for-
mation with bi- and trivalent heavy metals that are included 
in the catalytic centers of redox enzymes (Fe3+, Cu2+) and 
nitrogen-containing exo- and endotoxins [14]. In our work, 
a two-week exposition (10 administrations) was conducted 
in order to assess initial changes in nervous system activity 
[16], and ascertain whether such research is relevant in a 
ten-week term (50 administrations) study of the special char-
acteristics of mercury neuro-toxicity.

The aim of this study was to evaluate the myocardium 
morphofunctional changes under chronic exposure to small 
doses of mercury (II) chloride and to assess the efficacy of 
Quercetinum administration against a backdrop of mercury 
intoxication modeling.
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МATERIALS AND METHODS

The experiments were carried out on 30 male Wistar rats 
weighing 100-150 g (at the beginning of the experiment) 
with simulated chronic toxic cardiomyopathy by intra-
peritoneal injection of mercury (II) chloride solution at a 
dose of 0.01 LD50 during a 10-week period. These animal 
experiments were carried out in accordance with the Law 
of Ukraine “On protection of animals from cruelty” (2006), 
“General ethical principles of animal experiments”, adopted 
by the First National Congress on Bioethics (Kiev, 2001).

The animals were grouped as: intact animals (C) which 
were administered with saline solution (control group,  
10 animals), rats after exposure to small doses of mercury 
without antioxidant drugs administration (I); rats with 
daily administration of Quercetinum (0.001 mg/100 g of 
body mass) during two weeks immediately after the end of 
mercury chloride exposure [23]. During the experiment, we 
studied the cardioprotective effect of Quercetinum (querce-
tin, production of CJSC “Borshchagov Chemical and Phar-
maceutical Plant”, Ukraine). 

Quercetinum is known to suppress the activity of phos-
phodiesterase. This substance promotes cyclic adenosine 
monophosphate (cAMP) accumulation in the cells of the main 
intracellular mediator and brings about antioxidant, antitoxic, 
antihypertensive, hypolipidemic immunoregulating, capillary 
suppressing effects [18-20]. At the same time, Quercetinum 
eliminates the retraction of the endothelium and edema of the 
intima - factors that expand the inter-endothelial gaps [21].

All groups of animals were put out of the experi-
ment under ether narcosis (in accordance with “http://
web.jhu.edu/animalcare/policies/ether.html”\t “_blank”) 
followed by decapitation with the following examination 
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Table 1. Morphometric parameters (M ± m) of mitochondria  
in cardiomyocytes of rats after chronic exposure to small doses 
of mercury

Groups
Mitochondrial 

volume density, 
%

Mitochondrial 
quantitative 

density,
10-2/μm2

Mitochondrial 
sections area,

10-2/μm2

Mitochondrial 
form factor

Control 
(n=10) 30.3±2.9 51.1±5.2 41.3±2.0 0.81±0.02

I  
(n=10) 14.60±3.03* 22.90±5.55* 48.6±3.4 0.75±0.01

II 
(n=10) 28.2±4.8# 33.6±3.3*,# 73.11±4.02*,# 0.79±0.01

Note: * – significant differences relatively to control (р < 0.05);  
# – significant differences relatively to group of rats after exposure to small 
dose of mercury without cardioprotective drugs administration (р < 0.05)

in myocardium in chronic mercurial exposure. This may 
also indicate disorder of the mitochondrial apparatus and  
a violation of the permeability of its membranes that 
confirms the distortion of the volume-spatial relations  
of mitochondria (Tables 1 and 2) with a histologically 
detected decrease in the activity of SDH and NAD-H-DH 
and the growth of LDH activity (Fig.1) [16].
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Figure 1. Histochemical parameters (M ± m) of redox enzymes 
activity in the myocardium of the rats’ hearts. The horizontal axis 
– groups of studied animals; the vertical axis - the activity of redox 
enzymes (a.u.)

Using Quercetinum in chronic exposure, we observed that 
blood capillaries retain a structural organization and have 
a thinning endothelium. Moreover, some of the capillaries 
might have acutely narrowed lumen, and the inner lining 
has a convoluted look. In cardiomyocytes, the activation of 
the protein synthetic processes is observed, as evidenced by 
the development of rough endoplasmic reticulum and the 
accumulation of free ribosomes, but there are contractions 
of myofibrils, dystrophically altered mitochondria, lysis of 
sarcolemma, while some cardiomyocytes have a slightly 
increased number of transport structures (micropinocytotic 
vesicles).

In cardiomyocytes under treatment with Quercetinum, 
there are mitochondria with more preserved external 
membrane and crista. The number increases and the average 
cross-section area is enhanced as well, in comparison with 
the animals without drug correction, due to the decreased 
number of small and large forms in relation to distribution 
in animals without pharmacological effects (Table 1). Total 
crista length in one mitochondria and quantity of cristae  
in one mitochondrion are also increased, in comparison 
with untreated animals. Correlation analysis confirms that in  
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by histochemical, morphometric and electron microscopic 
methods. 

Ultrathin sections were obtained by means of LKB ultra-
tome III (Sweden) and Reichert microtome (Sweden) and 
contrasted with saturated 2% uranyl acetate and lead citrate 
and were then examined under the transmission electron 
microscope (TEM- 125K, Ukraine).

The purpose of histochemical examination was to: (1) 
investigate the activity of succinate dehydrogenase, EC 
1.3.5.1 (SDH) by applying the method of Nahlas et al. and 
the activity of cytoplasmic 6-glycerophosphate dehydro-
genase and L-lactate dehydrogenase, EC 1.1.1.27 (LDH) 
by way of the method of Gress, Scarpelli and Pierce; (2) 
to study NAD-H-DH and NADPH-DH as the indicators of 
activity of all NADPH-H-generating dehydrogenases [15]. 
The intensity of the histochemical reactions was determined 
in activity units (a.u.) by semi-quantitative assay [16].

We used the “Organelle” program (electron micros-
copy laboratory of the Institute of pathology problems of 
O.O. Bogomolets NMU) for morphometric studies.

In the obtained cardiomyocytes, the average area  
(10-2 mcm2) of mitochondria, mitochondrial volume (%) 
and quantitative (10-2 mcm2) density were measured, as well 
as the mitochondrial form factor, the average number of 
crista in one mitochondria, total (micron) and average (mm) 
length of crista membranes in one mitochondria, the crista 
quantitative density (%) and the distribution of mitochondria 
in area in cardiomyocytes according to the principles of 
stereometric analysis [17]. The average value (M) and the 
standard deviation (m) were determined.

Statistical analysis of the results was conducted by means 
of Statistic for Windows 6.0 package (Microsoft Corpora-
tion, USA) using parametric and nonparametric methods of 
results evaluation. The differences with a significance level 
of more than 95% (p < 0.05) were considered to be reliable.

RESULTS

Study of the features of morphological, ultrastructural, 
histochemical changes of the myocardium and statistical 
processing of morphological data in chronic mercuric expo-
sition has shown that the dynamics of energy metabolism 
(decrease in the level of enzymes of respiration and terminal 
oxidation activity combined with the increase of glycolytic 
processes) in a complex with detected changes in small 
branches of coronary vessels and vessels of microvascular 
bed, may indicate the development of signs of tissue hypoxia 

Table 2. Morphometric parameters (М ± m) of cristae in cardio-
myocytes mitochondria of rats after chronic exposure to small 
dose of mercury

Groups
Quantity of 

cristae in one 
mitochondrion 

Quantitative 
density of 
cristae, % 

Total length 
of cristae 

membranes 
in one 

mitochondrion, 
μm

Average 
length of crista 
membrane, μm

Control 
(n=10) 26.9±1.1 5.4±0.9 48.6±3.6 18.8±0.2

I  
(n=10) 6.09±1.19* 0.57±0.14* 26.01±2.86* 6.58±0.36*

II 
(n=10) 27.42±2.61*,# 3.01±0.87*,# 32.39±2.49*,# 10.03±0.21*,#

Note: * – significant differences relatively to control (р < 0.05); # – significant 
differences relatively to group of rats after exposure to small dose of 
mercury without cardioprotective drugs administration (р < 0.05)
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the mitochondria of cardiomyocytes of exposed rats under 
the influence of Quercetinum, there is an increase in the 
number of crista in direct proportion to the size of the mito-
chondria in which they are located (Table 2).

Histomorphological studies have also established the 
growth of the activity of tissue respiratory enzymes (SDH) 
in relation to the group without pharmacological effects,  
and the indicators of terminal oxidation (NAD-H DH, 
NADP-H DH) and LDH (Fig. 1) do not have statistically 
significant differences with control. Consequently, Quer-
cetinum in prophylactic administration induces a decrease 
in the intensity of energy and structural disorders of cardio-
myocytes, in comparison with the group without pharma-
cological effects.

DISCUSSION

The myocardium state observation under Quercetin 
administration in the presented experiment has shown most 
of the morphological characteristics of myocard pathology 
to be unchanged in the blood stream, interstitium and car-
diomyocytes. In the experiment, we observed a combination 
of microscopic signs of edema, contractual and dystrophic 
changes at the morphometric level, as well as the restora-
tion of cell metabolic and synthetic apparatus at the electron 
microscopy level.

Morphometric analysis of the mitochondrial area 
showed a Gauss distribution wherein middle-size organ-
elles dominate, while the presence of small and large 
organelles was generally equal. This leads to normalization  
of mitochondrial volume density. What is more, indicators  
of terminal oxidation showed restoration of cell energy 
apparatus function. 

Consequently, in contrast to experimentation on the use  
of Quercetinum in subchronic exposure to mercuric chloride, 
these results reveal that the compound is antioxidant and 
membrane stabilizing, as well as cell regenerating [23].

The differences between the results of these two works 
include:
• Lack of blood circulation disorders such as venous and 

haemo-micro-circulatory congestion, hemorrhages, plas-
matic impregnation of vascular wall in comparison to 
subchronic exposure and use of Quercetinum,

• Processes of new-formed mitochondria expression in 
cardiomyocytes under Quercetinum administration after 
subchronical mercury chloride exposition are inhibited 
10 weeks after exposition,

• Activity index of SDH is lower and index of NAD-H-DG 
increases in comparison to the level of these indexes 
under Quercetinum administration in conditions of sub-
chronic intoxication. This is evidence of the restoration 
of disordered metabolic processes.
Literature also shows that according to clinical trials, Quer-

cetinum can prevent myocardial ischemia and Q-T interval 
dispersions due to cardiotoxic effects of small cumulative 
doses of anthracycline antibiotics. Moreover, it can reduce 
their severity at high doses [22].

Consequently, we have shown that Quercetinum reduces 
energy imbalance in the myocardium and exhibits membrane-
stabilizing action. Furthermore, it promotes stabilization and 

normalization of the function of membranes by the direct 
biochemical interaction of these important components  
of the body’s cells. These results confirm the data on short-
range exposure to mercury chloride, under which it was 
revealed [23].

CONCLUSIONS

Quercetinum reduces energy imbalance in the myocar-
dium, exhibits membrane-stabilizing action and promotes 
stabilization and normalization of the function of membranes 
by direct biochemical interaction of the membrane organ-
elles of the body’s cells.
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