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Effects of the Aronia melanocarpa extract 
action on the activity of mitochondrial 
creatine kinase under immobilization stress in 
old rats

Research Article

ABSTRACT
The effects of the Aronia melanocarpa extract on mitochondrial creatine kinase 
isoenzyme of the old rats heart under stress were studied. The research was per-
formed on 30 male rats of the Wistar line. Old (22–25 months) animals were used 
for the experiment. It was established, that the injection of the Aronia melanocar-
pa extract at a dose of 0.2 g/kg 60 minutes before the immobilization has limited 
sensitivity of the heart muscle’s CPK-MT to damaging stress factors (reduced 
medium pH, increased medium tonicity, increased concentration of calcium, acti-
vated free radical processes), and helps the normalization of its kinetic properties, 
has an influence on the myocardium’s kinetic supply. Thus, the extract of Aronia 
melanocarpa increases the myocardial resistance to the injury effect of stress.

Keywords: stress, myocardium, aging, Aronia melanocarpa extract, mitochon-
drial creatine kinase.
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1. Introduction

Cardiovascular diseases such as myocardial ische-
mia, arrhythmias, coronary, and cardiosclerosis may 
be caused by complex of etiological factors inclu-
ding stress [1–4]. Recent studies have revealed that 
aging is reducing the adaptive features of the body [5, 
6, 7], resulting in reduction of its resistance to stress 
factors [5]. Therefore, the elaboration of medications 
with expressed cardioprotective and antistress acti-
vity is a current issue of medical and pharmaceutical 
science. Natural medications, including those that 
obtained from Aronia melanocarpa are among the 
most promising representatives of remedies with the 
above-mentioned pharmacological activity.

A. melanocarpa contains the wide spectrum of bi-
ologically active components that can be used as 
protective compounds against injurious effects of 
environment. Anthocyanidins, proanthocyanidins, 
flavonoids and ascorbic acid are among the most 
pharmacologically valued compounds present in 
abovementioned plant [8-18]. The high antioxidant 
activity, cell protective activity in conditions of in-
duced apoptosis and mitochondrial disfunction [9] 
and antibacterial activity [10, 21, 22] of Aronia fruits 
extract according to previously reported results are 
associated namely with the presence of anthocyani-
dins [10-14, 19, 20, 23].

Extracts of Aronia reveal significant anti-inflamma-
tory activity. It`s administration decreases the blood 
level of inflammation markers (IL-β, TNF-α) [12, 
14, 24]. Biologically active components of Aronia 
extracts inhibited RANKL – induced osteoclast dif-
ferentiation [25].

The cyanidins that present in Aronia fruits reveal 
positive effect on numerous metabolic dysfunctions 
including dyslipidemia and hyperglycemia [12, 26]. 
These compounds retard the lipids accumulation via 
stimulation of lipolysis and inhibition of phospho-
diesterase [27]. Abovementioned facts allow to rec-
ommend the Aronia extracts at treatment of diabetes, 
hypertonia, and cardiovascular system diseases [12, 
26, 28].

It should be noted that available information about 
their cardiotropic effect development mechanism is 
not enough for it`s total understanding. One of the 
theories associates the pharmacological activity of 
A. melanocarpa preparations with their effects on 

the state of the lipid bilayer of cardiomyocyte mem-
branes, as well as on their function and structure [29]. 

Visceral organs tissue is unequally sensitive to stress-
associated damaging factors, therefore, in old age the 
cardiovascular system diseases, which are known as 
age-related pathology dominate [17, 30, 31].

Violation of myocardial energy supply plays an im-
portant role in the formation of stress myocardial 
damage [6, 32-33]. The definition of the mitochon-
drial creatine phosphokinase (CPK-MT) functioning 

- an enzyme that ensures the recovery of cardiomyo-
cytes energy reserves [7, 34], have a great impor-
tance in this case. Therefore, we can suggest that the 
correction of the enzyme function would also dimin-
ish the stress - associated heart damage.

Thus, present work is aimed to study of the A. mel-
anocarpa extract effect on the activity of mitochon-
drial creatine kinase cardiomyocyte under immobili-
zation stress in old rats.

The aim of the work is to investigate the effects of a 
perspective phytopreparation on the CPK-MT prop-
erties of old rats under stress.

2. Material and Methods

2.1. Preparation of the extract

The A. melanocarpa leaves were collected from cul-
tivated plants in Zaporizhzhia region of Ukraine. 100 
g of lyophilized leaves were treated by 500 ml of 
80% aqueous solution of ethyl alcohol at 78oC un-
der stirring for 30 minutes. The plant material was 
filtered off and ethyl alcohol was evaporated from 
the filtrate under vacuum. The chlorophyll and li-
pophilic compounds were removed via extraction 
by petroleum ether. Then biologically active compo-
unds were extracted from aqueous solution by ethyl 
acetate-ethanol mixture (8:2). Organic solvents were 
evaporated from the obtained mixture to give dry 
extract that was studied [20, 29].

2.2. Pharmacological studies

Thirty Wistar male rats were used in the study. Ani-
mals were kept in constant environmental conditions 
(20 °C,12-h light/dark cycle) and were on a standard 
laboratory diet. 

Animals were divided into groups: 1 – intact rats, 2 
– control rats that were affected by immobilization 
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stress by fixing them in a dorsal position for 30 mi-
nutes, 3 – rats that were intraperitoneally administe-
red with the A. melanocarpa extract, 0.2 g/kg, 60 mi-
nutes before the immobilization [20]. The emergence 
of stress was verified pathomorphologically and by 
evaluation of the level of glucocorticoid hormones 
(11-hydroxycorticosteroids) in the blood using the 
fluorimetric method by a spectrofluorimeter Hitachi 
MPF-4 (Japan) [35].

The study was conducted in accordance with the 
requirements of the European Council Directive of 
November 24, 1986, for Care and Use of Laboratory 
Animals (86/609/EEC) [36], and according to the 
general ethical principles of experiments on animals 
adopted by the First National Congress of Ukraine 
on Bioethics (2001), as well as other international 
agreements and legislation of Ukraine in this area 
(Protocol No.2, approved 21.12.2022 by Bioethics 
commission of Zaporizhzhia National University). 

After completing of immobilization, animals were 
decapitated using guillotine under anesthesia by et-
her. The heart was extracted and washed from the 
blood. The left ventricular myocardium was isolated 
and homogenized with 0.25M sucrose and 0.01M 
Tris (pH 7.4) in a glass Potter-Elvehjem homogeni-
zer. Homogenate of cardiac muscle was filtered thro-
ugh 4 layers of gauze and centrifuged at 1000g for 
10 minutes. The supernatant was centrifuged again 
at 10000g for 20 minutes. The washed precipitate 
was a crude mitochondrial fraction. All procedures 
were performed at 4-60C. Enzymological method of 
a CPK activity [5] was used in the studies. Lowry 
method was used to determine total protein content 
[37]. Statistical analysis of the results was performed 
using a nonparametric method of Wilcoxon – Mann 
– Whitney.

3. Results and Discussion

According to a study, significant changes in the activ-
ity of myocardial CPK-MT under stress was not ob-
served. Mitochondrial isoenzyme CPK activity was 
increased, as we considered as result of the changes 
in balance of free and membrane - conjugated forms 
of isoenzyme in the mitochondrial fraction under 
stress [7]. Considered the fact that stress – associ-
ated tissue hypoxia, results the changes of the inner 
structure of the tissue heart [38], it was interesting 
to explore some kinetic properties of MT-CPK. Ex-
perimental data showed, that the sensitivity of the 

studied enzyme to decreasing of acidosis (Table 1), 
increasing of its tonicity (Table 2), as well as the 
inhibiting effect of calcium ions (Table 3) increases 
under stress.

It is known, that mentioned above factors are par-
ticularly important in the formation of the tissue met-
abolic response to the action of stress agents. There-
fore, we can suggest that the conditions for limiting 
the activity of this enzyme are formed in cardiomyo-
cytes under stress in vivo. It creates significant bar-
riers for transporting macroergic compounds in the 
myocardial cells and leads to the violation of muscle 
contraction energy supply under stress, as well as to 
the development of stress myocardial damage.

Animals were injected with A. melanocarpa extract 
for 60 minutes to model immobilization stress for 
correcting in the properties of CPK-MT. Prevention 
of the emergence of increased activity of the enzyme 
in the mitochondrial fraction is one of the arguments 
which proved the effects A. melanocarpa extract on 
the interaction of the enzyme with the surface of in-
ner membrane of mitochondria. Moreover, the pre-
paration showed a reducing effect in relation to the 
inhibitory effect of a pH decrease (Table 1), envi-
ronmental tonicity (Table 2), and inhibitory effect of 
calcium ions (Table 3).

Conducted study proved the ability of studied A. 
melanocarpa extract to reduce the stress-associated 
effects on the CPK-MT. Under the condition of stress 
arising during immobilization of animals, prerequisi-
tes are formed in the heart muscle for stimulating the 
production of reactive oxygen in mitochondria. As a 
result, they increase the rate of free radical processes 
associated with the oxidation of proteins, lipids, nuc-
leic acids, etc. [33, 39, 40]. At the same time, in the 
polypeptide chains of proteins, including mitochond-
rial creatine kinase, the side chains of amino acids 
are oxidized. That leads to a change in the conforma-
tion of its molecule. This is accompanied by modula-
tion of its catalytic and regulatory properties, which 
predetermine the disruption of energy transport from 
mitochondria to myofibrils of cardiomyocytes. The 
energy supply of the myocardium decreases and the 
strength of heart contractions decreases, as a result 
of the formation of all these shifts in immobilized 
animals. That is a characteristic manifestation of 
stress heart dysfunction [6, 32-33].

The introduction of Aronia extract to animals limits 
the dysfunction of the heart during immobilization 
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stress. This is due to the fact that it contains nume-
rous antioxidants that act as free radical scavengers. 
These include the previously mentioned anthocya-
nidins, proanthocyanidins, flavonoids, as well as 
ascorbic acid [8–18]. Moreover, it was shown [41] 
that the preliminary administration of Aronia extract 
significantly limits the accumulation of TBARS and 
is the reason for the decrease in the level of reduced 
glutathione in rats subjected to intense exercise. By 
increasing the antioxidant activity of the cardiac 
muscle, these substances limit the formation of oxi-
dative stress in it during animal immobilization. Due 
to this, there is a decrease in free radical oxidation 
of the CPK-MT molecule. And hence the prevention 
of mitochondrial dysfunction and disruption of the 

energy supply of the heart muscle is present. All this 
reflects the prospects of using Aronia extract as a 
drug that limits stress damage to the myocardium. In 
all likelihood, this drug has a similar effect on other 
tissues of the internal organs, and therefore it can be 
assumed that it has an anti-stress effect in general.

At the same time, the question remains as to which 
components of Aronia extract provide its protective 
effect on the myocardium under stress? It is likely, 
that these include not only antioxidants, but also 
substances that have a membrane-stabilizing effect, 
as well as stimulating the synthesis of ATP in mitoc-
hondria. Our further studies will be devoted to the 
study of this issue.

Table 2. Effects of the Aronia melanocarpa extract on the dependence of the old rats heart CPK-MT activity of the environ-
mental tonicity under stress ( M±m )

NaCl concentration (mmol ) CPK-MT activity, ATP mmol/ mg protein/ min.

Intact
(n=10)

Stress
(n=10)

Extract +stress
(n=10)

0 0.30±0.01 0.38±0.04 0.25±0.02

120 0,42±0.03 0.22±0.01a 0.27±0.06a

a significant deviation relative to intact animals (p <0.05)

Table 3. Effects of the Aronia melanocarpa extract on the old rats heart CPK-MT activity in presence of the CaCl2 in envi-
ronment ( M±m )

СaCl2 concentration (mmol ) CPK-MT activity, ATP mmol/ mg protein/ min.

Intact
(n=10)

Stress
(n=10)

Extract +stress
(n=10)

0 0.30±0.01 0.38±0.04 0.25±0.02

120 0.25±0.02 0.18±0.02a 0.16±0.02a

a significant deviation relative to intact animals (p <0.05)

Table 1. Effects of the Aronia melanocarpa extract on the activity of CPK-MT of old rats heart in different environmental pH 
value ( M±m )

pH CPK-MT activity, ATP mmol/ mg protein/ min.

Intact (n=10) Stress (n=10) Extract +stress (n=10)

7.4 0.30±0.01 0.38±0.04 0.25±0.02

7.0 0.24±0.01 0.19±0.01a 0.16±0.04

6.5 0.21±0.01 0.13±0.03a 0.9±0.02a

a significant deviation relative to intact animals (p <0.05)
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4. Conclusions

According to studies of mitochondrial creatine kina-
se activity it was found the sensitivity of the enzyme 
to decreased of pH of medium, increased tonicity 
and to inhibitory influence of calcium ions increase 
under stress.

After injection of A. melanocarpa extract, in the for-
mation of stress, the increase of the mitochondrial 
CPK activity was not determined. This may be due 
to the ability of preparation to limit the oxidative 
modification of enzyme under stress.

Extract of A. melanocarpa improved the energy 
supplement at a dose of 0.2 g/kg 60 minutes before 
the immobilization. A. melanocarpa extract may be 
used for the normalization sensitivity of CPK-MT to 
stress associated damage factors in the heart muscle. 

According to the studies, the experiments with A. 
melanocarpa extract need to be continued because 
they are significant and perspective as they allow to 
determine the influence of damaging factors in aging.
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