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Abstract

Mitochondrion is one of the most important cell organelles which provide cells with energy, participate in cell turnover 
and activate endogenous mechanisms of cell-mediated immunity. Research into the structural and functional organization of 
mitochondria is extremely important and challenging for developing target pathways of drugs for various pathologies and aging. 
The purpose of this study is to investigate the effect of the V007 drug on the expression of mitochondrial biomarkers in myocardial 
and liver cells of elderly rats in vivo in order to find a possible mechanism of its target action. Molecular biological methods were 
used to study the expression of key mitochondrial proteins: Tom70, Tom20, VDAC, DRP1, Prohibitin, Parkin, PINK1 in myocardial 
and liver cells of elderly rats in the normal condition and with administration of the innovative V007 drug.

The conducted study has shown that V007 is a drug that regulates and normalizes mitochondrial functions. This study allowed 
to get a more detailed understanding of V007 target action at the molecular level and further verify intracellular and intertissue 
signal molecules that could be targets for its pharmacological action, which will enable us to extend indications and the scope of its 
application for prevention and treatment of socially significant diseases. The obtained results open a wide spectrum of possibilities 
for further investigations of V007 as a prospective drug of general regulatory and geroprotective action.
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Introduction
Mitochondrion is one of the most important cell organelles 

which, as we understand today, in addition to their primary function-
providing cells with energy, participate in cell turnover and activate 
endogenous mechanisms of cell-mediated immunity. Mitochondria 
are active cell organelles whose structures (membranes, in 
particular) express a large number of signal molecules which play 
an important regulatory role in their active functioning [1–3].

Therefore, research into the structural and functional 
organization of mitochondria is extremely important and  

 
challenging for developing target pathways of drugs for various 
pathologies and aging. The V007 drug is pharmacologically based 
on oxygenated glutathione and inosine which are characterized 
by a wide range of metabolic transformations to various products 
whose signaling, and metabolic activity is required in drug 
treatment of disorders of stress, hypoxic, or other nature. Previous 
studies and analysis of V007 biological activity allow to presume 
that its regulatory and therapeutic action is realized through the 
stabilization of mitochondrial function processes, disruption of 
which may cause the development of a stress or pathological 
process of different etiology and pathogenesis. 
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Give the above, we formed a panel of mitochondrial proteins/
biomarkers in view of their contribution to the regulation of 
mitochondrial activity. The panel included

Tom70

Key protein for mitochondrial function, responsible for 
providing the potential of the inner membrane of mitochondria 
[4,5].

Tom20

A Key protein for mitochondrial function, also responsible for 
providing the potential of the inner membrane of mitochondria [6].

VDAC

A protein providing the formation of ion channels in the 
external mitochondrial membrane, triggering apoptosis [7,8].

DRP1

A protein responsible for triggering mitochondrial fission, 
participating in the mechanisms of mitochondria-dependent 
apoptosis [9,10].

Prohibitin

A protein providing the regulation of mitochondrial respiratory 
activity, responsible for the stability of organization and copying of 
mitochondrial DNA, protection of cell against oxidative stress [11].

Parkin

A protein responsible for autophagy of damaged mitochondria, 
suppression of mitochondria-depended apoptosis [12,13].

PINK1

A protein providing protection of cells from stress-induced 
mitochondrial dysfunction [14,15]. 

The purpose of this study is to investigate the effect of the V007 
drug on the expression of mitochondrial biomarkers in myocardial 
and liver cells in elderly rats in vivo in order to find a possible 
mechanism of its target action.

Materials and Methods
Characteristics of Experimental Animal Groups

The study was conducted on 12 rats of Wistar line, of older age 
group (18 months). Two experimental groups were formed of 12 
rats, 6 animals of matching ages (3 females and 3 males) in each 
group: group 1 (n=6) was control; group 2 (n=6) received V007. 
These groups are currently (given the epidemiological situation due 
to coronavirus pandemics) are of a special interest for investigating 
the effect of V007, since in elder rats inflammaging (chronic immune 

inflammation) processes develop, whose molecular mechanisms 
are in some details similar to the action of SARS-CoV.

Intramuscular administration of V007 to experimental group 
animals at a dose of 30mg/kg was performed daily for 7 days. 
Physiological saline solution (0.9% NaCl) was used as a solvent. 
The volume of the injected substance was 0.2ml per 250g of the 
animal’s weight. Intramuscular administration of physiological 
saline solution 0.9% NaCl) was performed to control group animals 
according to the same scheme as for the drug under study.

Sampling and Processing of Material

On the 8th day, the animals were withdrawn from the experiment 
by deep inhalation anesthesia, prosected, and fragments of their 
internal organs were taken out. For molecular microscopy analysis, 
we selected samples of the heart (myocardium, left ventricle) and 
liver as organs whose cells contain most of mitochondria. The tissue 
samples were fixed in parallel by two methods: one sample was 
subjected to cryopreservation in liquid nitrogen for subsequent 
utilization by means of immunofluorescence method and stored in 
10% neutral buffered formalin (pH 7.2) then dehydrated in spirits 
and embedded in paraffin according to the standard histological 
procedure, for general morphological analysis

Histological Examination

For histological examination of myocardium and liver samples, 
we prepare sections (4–6 μm thick) which were stained with 
hematoxylin and eosin, using Weigert–Van Gieson’s method, and 
subjected to PAS reaction for subsequent assessment in transmitted-
light microscopy. Based on the results of histological examination, 
to conduct an immunohistochemical study, we selected tissue 
samples with one-type morphological changes that characterize 
each group under study. Immunohistochemical Study.

The Immunohistochemical Study

The immunohistochemical study was carried out on cryostat 
sections using monoclonal rabbit antibodies to DRP1 (1:1000, 
Abcam, UK), PINK1 (1:500, Abcam, UK), Prohibitin (1:500, 
Abcam, UK), TOM20 (1:50, Abcam, UK), VDAC1 (1:50, Abcam, UK), 
monoclonal mouse antibodies to Parkin (1:500, Abcam, UK), and 
monoclonal rabbit antibodies to TOM70 (1:400, Invitrogen, USA).

For Fluorescent Staining, We Used the Following 
Secondary Antibodies

anti-rabbit conjugated to Alexa Fluor 350 (Thermo Fisher, USA), 
anti-rabbit conjugated to Alexa Fluor 405 (Abcam, UK), anti-rabbit 
conjugated to Alexa Fluor 430 (Thermo Fisher, USA), anti-mouse 
conjugated to Alexa Fluor 568 (Abcam, UK), anti-rabbit conjugated 
to Alexa Fluor 568 (Abcam, UK), anti-mouse conjugated to Alexa 
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Fluor 594 (Abcam, UK), anti-rabbit conjugated to Alexa Fluor 594 
(Abcam, UK), anti-mouse conjugated to Texas Red (Abcam, UK), 
anti-rabbit conjugated to TRITC (Thermo Fisher, USA). All primary 
antibodies were checked at standard control (positive and negative) 
staining to select a protocol and antibody titer.

Morphometry and Computer Analysis of Microscopy 
Images

To evaluate the results of immunohistochemical staining, a 
morphometric study was performed using the microscope image 
analysis system consisting of an Olympus IX73 microscope, Olympus 
DP80 digital camera, personal computer AMD Ryzen 3 3200G, and 
CellSens software. 12-bit (gray scale) images were obtained using 
a pseudostaining technique. In each instance, we analyzed a tissue 
area not less than 1mm2, with photofixation of at least five fields 
of view at 100x magnification. The relative area of expression of 
the biomarker was measured by using the immunofluorescence 
method against the total area of cells within the field of view. The 
relative expression area was expressed as a percentage. 

Statistical Analysis of Results

Descriptive statistics methods included the estimation of 
the arithmetic mean, standard deviation from the mean, and the 
statistical standard error of the sample arithmetic mean. Statistical 
processing of the obtained results was carried out using the 
methods of nonparametric statistics due to the need for statistical 
procedures that allow processing data from small samples with 
variables of an unspecified type of distribution. To assess the 
differences between independent samples, the U-Mann-Whitney 
test was used, the level of statistical significance did not exceed 0,05 

in all tests.

Results and Discussion
Histological examination did not reveal any differences in 

animals with regard to gender, yet one should account for a 
significant contribution of sex hormones to metabolic processes. 
Therefore, for the molecular marker investigation, the groups of 
animals were divided into two subgroups-males and females.

Examination of Cardiomyocytes in Elderly Male Rats

The morphological picture in the control group and V007 
group was characterized by changes in the myocardium with signs 
of dystrophy, cardiomyocyte hypertrophy, intermuscular stromal 
sclerosis, vessel wall thickening. The expression of mitochondrial 
proteins in the control group showed relatively low values with a 
significant increase with administration of V007 (Table 1, Figure 
1& 2 & 5).

Table 1: Relative expression areas of mitochondrial markers in the 
myocardium of elderly males.

Mitochondrial 
Markers

Comparison Groups

Control V007 Administration

DRP1 69.5±4.5 81.4±2.8*

Parkin 66.1±1.5 75.4±1.5*

PINK1 68.1±2 74.3±2.0*

Prohibitin 64.4±3.6 81.1±1.9*

Tom20 61.6±7.6 78.2±6.9*

Tom70 65.1±1.8 77.9±2.0*

VDAC 72±1.3 82.1±3.3*

*p<0,05 as compared to the control group.

          
A                                                                                                                              B

Figure 1: Immunofluorescent staining with antibodies to PINK1 of myocardial cells of elderly male rats. А – control group, ×1000; B – 
administration of V007, ×1000.
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Figure 2: Relative expression area of mitochondrial proteins in myocardial cells of elderly male rats.
*p<0,05 as compared to the control group.

In the case of V007 administration, we observed a statistically 
valid increase in expression of all examined mitochondrial proteins 
in the myocardium of elderly male rats: Tom 70 by 1.2 times; Tom 
20 by 1.3 times; VDAC by 1.1 times; DRP1 by 1.2 times; Prohibitin by 
1.3 times; Parkin by 1.1 times; PINK1 by 1.1 times. Examination of 
Cardiomyocytes in Elderly Female Rats. The morphological picture 
of the myocardium was of the same type in the subgroup of elderly 
females, showing no differences in the signs of fibrosis, dystrophic 
changes, vascular bed damage, which is most probably due to a 
decrease in the protective effect of steroid hormones responsible for 
metabolic processes in the female body, especially the metabolism 
of fats and proteins. The expression of mitochondrial proteins in 
the control group showed average values which, however, were 
higher than in elderly males, which could also be due to the effect 
of steroid hormones. With administration of V007, the expression 

values of all mitochondrial proteins significantly increased (Table 
2, Figure 3 & 4 & 5).

Table 2: Relative expression areas of mitochondrial markers in the 
myocardium of elderly females.

Mitochondrial 
Markers

Comparison Groups

Control V007 Administration

DRP1 65.1±5.1 80.0±4.0*

Parkin 68.1±1.9 76.6±0.6*

PINK1 65.1±4.3 73.6±0.8*

Prohibitin 63.4±7.6 74.6±2.2*

Tom20 74.4±2.3 82.4±2.1*

Tom70 71.6±3.8 79.4±0.3*

VDAC 70.6±2.4 84.9±0.2*

*p<0,05 as compared to the control group.

           
A                                                                                                                         B

Figure 3: Immunofluorescent staining with antibodies to Tom20 of myocardial cells of elderly female rats. А – control group, ×1000; B – 
administration of V007, ×1000.
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Figure 4: Relative expression area of mitochondrial proteins in myocardial cells of elderly female rats.
*p<0,05 as compared to the control group.

           
A                                                                                                                         B

Figure 5: Immunofluorescent staining with antibodies to Prohibitin of liver cells of elderly male rats. А –
control group, ×1000; B – administration of V007, ×1000.

In the case of V007 administration, we observed a statistically 
valid increase in expression of all examined mitochondrial proteins 
in the myocardium of elderly female rats: Tom 70 by 1.1 times; 
Tom 20 by 1.1 times; VDAC by 1.2 times; DRP1 by 1.2 times; 
Prohibitin by 1.2 times; Parkin by 1.1 times; PINK1 by 1.1 times. 
Examination of Hepatocytes in Elderly Male Rats. Morphological 
changes in the liver tissues in the comparison groups did not differ 
and were presented by dystrophic and dyscirculatory changes. The 
expression of mitochondrial proteins in the control group showed 
relatively low values with a significant increase with administration 
of V007 (Table 3, Figure 6 & 7). In the case of V007 administration, 
we observed a statistically valid increase in expression of all 
examined mitochondrial proteins in the liver of elderly male rats: 
Tom 70 by 1.2 times; Tom 20 by 1.3 times; VDAC by 1.2 times; DRP1 
by 1.3 times; Prohibitin by 1.4 times; Parkin by 1.2 times; PINK1 by 

1.2 times.

Table 3: Relative expression areas of mitochondrial markers in the 
liver of elderly males.

Mitochondrial 
Markers

Comparison Groups

Control V007 Administration

DRP1 54.8±1.5 71.9±3.3*

Parkin 55.7±1.9 67.2±0.2*

PINK1 57.8±2.9 70.4±2.2*

Prohibitin 53.2±0.1 72.0±1.1*

Tom20 55.1±3.7 72.3±2.0*

Tom70 61.5±0.5 72.7±1.5*

VDAC 64.5±3.3 78.3±2.1*

*p<0,05 as compared to the control group.
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Figure 6: Relative expression area of mitochondrial proteins in liver cells of elderly male rats.
*p<0,05 as compared to the control group.

  
A                                                                                              B

Figure 7: Immunofluorescent staining with antibodies to Parkin of liver cells of elderly female rats. А – control group, ×1000; B – administration 
of V007, ×1000.

Examination of Hepatocytes in Elderly Female Rats. The liver 
tissues did not have morphological differences in the comparison 
groups. Morphological changes were presented by dystrophic and 
dyscirculatory changes. The expression of mitochondrial proteins 
in the control group showed relatively low values with a significant 
increase with administration of V007 (Table 4, Figure 8). In the 

case of V007 administration, we observed a statistically valid 
increase in expression of all examined mitochondrial proteins in 
the myocardium of elderly female rats: Tom 70 by 1.1 times; Tom 
20 by 1.1 times; VDAC by 1.2 times; DRP1 by 1.2 times; Prohibitin 
by 1.1 times; Parkin by 1.1 times; PINK1 by 1.2 times.
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Figure 7: Relative expression area of mitochondrial proteins in liver cells of elderly female rats.
*p<0,05 as compared to the control group.

Table 3: Relative expression areas of mitochondrial markers in the 
liver of elderly females.

Mitochondrial 
Markers

Comparison Groups

Control V007 Administration

DRP1 60.4±4.2 72.9±1.7*

Parkin 66.6±1.4 72.3±1.8*

PINK1 62.8±2.5 73.9±0.9*

Prohibitin 61.2±4.6 69.8±3.6*

Tom20 62.3±2.6 70.8±4.6*

Tom70 60.3±2.2 65.6±2.0*

VDAC 66.0±2.0 76.9±2.9*

*p<0,05 as compared to the control group.

It should be noted that the rates of mitochondrial protein 
expression in the liver are somewhat different from the rates 
of marker expression in the myocardium, which might be due to 
different intracellular regulation mechanisms. Hepatocytes possess 
a higher potential and alternative pathways to regulate metabolism 
and energy synthesis. Mitochondria demonstrate a strong tissue 
and particularly gender specificity as they are inherited maternally 
only. Sexual dimorphism of mitochondrial oxidation capacity has 
been described for numerous tissues, particularly in the liver. ATP 
stimulated respiration, protein content, and cardiolipin level in 
female mitochondria than in male. Cardiomyocytes of female rats 
have a lower content of mitochondria, but female mitochondria 
are more efficient and more differentiated than male mitochondria 
[16].

An important criterion to evaluate mitochondrial activity is the 
state and potential of the external mitochondrial membrane whose 
main proteins are Tom70 and Tom20 which participate in transport 
and provide the inner membrane potential for ATP production. 
Tom70 and Tom20 expression rates can be viewed as a baseline, 
which is explained by the absence of hormone fluctuations that 
affect general metabolic processes [17]. In the case of V007 
administration, we observed a statistically valid increase in the 
expression rate of TOM-complex proteins, which is the highest for all 
groups under study and could reflect an accelerated protein import 
and serve as a criterion for activation of adaptive processes in the 
myocardium and liver, which is also confirmed by morphological 
changes. 

Activation of mitochondria leans not only to an increase in ATP 
production but also to an increase in ROS produced by their own 
respiratory chain. Aberrant mitochondria are removed by a selective 
form of autophagy, termed mitophagy, which is a crucial mechanism 
in mitochondrial in mitochondrial quality control. Mitochondrial 
quality control is regulated by the PINK1/Parkin system which acts 
as a sensor of mitochondrial quality and is activated particularly 
after a change of the mitochondrial membrane potential interacting 
again with Tom70 [18]. VDAC1, which forms ion channels in the 
external mitochondrial membranes, is an extremely dynamic 
protein that has various conformations and isoforms. VDAC1 
contributes to high membrane permeability for mitochondrial 
proteins with different action potential [19]. A higher expression 
rate of this protein was noted after V007 administration. 
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The function of DRP1 is to regulate the membrane conformation 
through oligomerization followed by a mitochondrial membrane 
rupture in mitophagy [20]. A significant increase in Prohibitin 
expression is consistent with changes in expression rate of other 
mitochondrial proteins, as it acts as a chaperon protein in the 
mitochondrial respiratory chain and structural framework [21]. 
Therefore, an increase in its expression can be evidence of active 
ATP synthesis processes.

Conclusion
Our findings provide evidence that the V007 drug has a 

general regulatory and geroprotective effect, being a target drug 
that regulates cardiomyocyte and hepatocyte functions through 
activating the expression of key mitochondrial proteins. Further 
investigation into the V007 drug will help refine our understanding 
of its target action at cellular level. Additionally verify intracellular 
and intertissue signal molecules that could be targets for its 
pharmacological action.
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