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Abstract

The prevention of accelerated aging, optimization of diagnostic and treatment of age-associated diseases remain a vital task for modern molecular
medicine and gerontology. The aging of cells, organs and tissues is a complex process in which a key role belongs to neuroimmune-endocrine
regulation mechanisms. The investigation of the effects of glutathione drugs as potential geroprotectors on the expression of signaling molecules
that regulate the involution in cells helps to find the signaling molecules, which are potential targets for geroprotection, and thereby extend
indications for glutathione-based drugs. The purpose of this study is to investigate the effect of two tripeptide glutathione drugs (V-007 and G-004)
on the expression of key signaling molecules participating in the mechanisms of cellular senescence. The study of two signaling molecules involved
in cellular senescence has demonstrated that the target of V-007 geroprotective action is prohibitin, and the target of G-004 geroprotective action is
telomerase reverse transcriptase (hTERT) and prohibitin. G-004 has a wider and more expressed geroprotective effect, affecting both mitochondrial
and nuclear mechanisms of cellular senescence. A further investigation into the effects of V-007 and G-004 will allow to specify the mechanism of
their impact on the expression of key signaling gerotropic molecules and thereby map paths for the optimization of their use as medicines for the
prevention of premature aging and for treatment of age-associated diseases.
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Introduction

Aging is a complex biological process the main aspect of which
is the accumulation of involutional somatic changes in the body
throughout the ontogenesis. “Cellular aging” is a state in which cells
undergo an irreversible cell-cycle arrest in response to various cel-
lular stresses. Such irreversible cell-cycle arrest is considered to be
the main characteristic of aging cells, but recent studies have re-
vealed yet other properties that characterize this type of cells. Se-
nescent cells express pro-inflammatory cytokines, growth factors,
and matrix metalloproteinases, which jointly form the so-called

Senescence-Associated Secretory Phenotype (SASP) [1]. Such cells
are viable in vitro, in contrast to apoptotic cells which are prone
to programmed cell death. Some SASP factors play an important
role in inducing a persistent cell-cycle arrest in senescent cells and,
presumably, contribute to tumor suppression during cellular aging.
Nevertheless, multiple SASP factors may cause a chronic inflam-
mation and/or oncogenesis depending on biological context [2]. A
significant contribution into the implementation of inflammaging
mechanisms is made by the disruption of redox regulation of the
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transmission of intra- and intercellular signals and gene expres-
sion [3]. A key role in the stable maintenance of the redox status of
cells and ensuring redox regulation belongs to the glutathione/oxi-
dized glutathione (GSH/GSSG) system. Tripeptide Glutathione GSH
(Y-L-glutamyl-L-cysteinyl-L-glycine) is one of the key intracellular
antioxidants [4], and being an endogenous antioxidant that affects
many cellular functions plays a crucial role in the utilization and
regulation of reactive oxygen and nitrogen species (ROS and RNS,
respectively) in organisms. GSSG has receptor-mediated effects on
intracellular processes [5]. Based on GSSG, pharmacological prepa-
rations have been synthesized which have a stabilizing effect on
mitochondria, regulating the expression of membrane proteins [6].

These include the preparation G-004 (disodium salt of GSSG
with d-metal in nanoconcentration) and the preparation V-007
(complex G-004 with the nucleoside inosine). Both drugs are ob-
tained from the PharmaVam Company (St. Petersburg, Russia).

Since mitochondrial dysfunction plays an important role in the
development of cellular aging processes, we investigated the gero-
protective properties of these drugs in the inflammaging model.

Various signaling molecules are involved in the inflammaging
mechanisms, the key ones are as the follows:

1)  Prohibitin-the mitochondrial protein, which ensures the
preservation of the mitochondrial membrane and prevents mito-
chondrial apoptosis;

2)  P65-the integral marker of apoptosis (programmed cell
death);

3) Ki-67-the integral marker of cell proliferation;
4)  SIRT-6-the powerful endogenous geroprotector;

5) hTERT-telomerase reverse transcriptase, the key compo-
nent of the telomerase complex;

6) Klotho-the protein regulating cellular senescence;

7) Melatonin (receptors)-receptors of the key regulator of
biorhythms and geroprotective factor.

8) Inthisstudy we selected (based on the significance of their
biological gerotropic properties) two signaling molecules-prohibi-
tin and hTERT-as potential targets for the action of different dos-
es of glutathione-containing drugs V-007 and G-004 (3mg; 1.5mg;
0.3mg).

Prohibitin (PHB) is the multifunctional mitochondrial protein.
It is involved in regulation of the respiratory activity of mitochon-
dria and responsible for the stability of organization and the num-
ber of copies of mitochondrial DNA. Mitochondrial prohibitin pro-
tects cells from the oxidative stress [7,8].

Human Telomerase Reverse Transcriptase (hTERT). The strate-
gy of developments for telomerase activation presumes preventing
the age-related shortening of telomeres, which allow to slow down
the aging of organism and extend the life-span. Telomerase consists
of two components: Telomerase Reverse Transcriptase (hTERT)
and RNA molecule (TERC), which is used as a matrix for reverse
transcription in the lengthening of telomeres [9]. hTERT plays a key
role in the telomerase complex, as it is a protein that performs the
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main function by catalyzing the formation of a new phosphodiester
bond in the synthesis of a telomeric repeat. The expression of the
telomerase reverse transcriptase gene correlates with telomerase
enzymatic activity in the body [10-12].

Materials and Methods

For the study the cellular senescence (inflammaging) model in
culture of human endometrial cells (3rd-5th passages) was used.
The endometrial cell line (ECL) (AcceGen Biotech) was cultured
with the use of the DMEM/F12 growth medium containing 10%
FBS; cultivation conditions: 37°C and 5% CO2. The growth medi-
um was replaced every 2-4 days. Once the cells formed a confluent
monolayer, they were dispersed on a 1:3 ratio. The passage was
done with 0.25% trypsin solution (Gibco, USA) and 0.02% Versen
solution (BioloT, Russia).

The absence of bacterial, fungal, and mycoplasmal pneumonia
contamination was confirmed by Microbiological analysis of the
ECL. On the 3rd passage, the line was subjected to cryopreservation
and stored in liquid nitrogen in Dewar’s flask. After decryopreser-
vation, the ECL was characterized by various molecular biological
methods. The ECL was mostly a population of mesenchymal stem
cells, as evidenced by the following characteristics of the line:

1)  The high (above 95%) expression of mesenchymal mark-
ers (CD44, CD73, CD90, CD105, CD146) and the low (below 5%)
expression of hematopoietic markers (CD34, CD45, HLA-DR of class
10);

2)  Adhesion to the plastic surface;

3) Fibroblast-like morphology of cells;

4) A multipotent status (ability to differentiate into osteo-
blasts, chondrocytes, and adipocytes).

5) Karyological analysis demonstrated a normal karyotype
of the ECL (46, XX), which remained stable during the cultivation.

The line was scaled to the 3rd passage after the defrosting with
the subsequent inoculation of cells onto specially prepared sterile
slides in 24-cell trays. Three replications were made for each mark-
er.

Once the culture in wells achieved a monolayer of 70-80%,
the culture growth medium was replaced, to which the solution of
drugs at different doses were added. V-007 and G-004 were tested
at three doses (maximum, intermediate, and minimum). Each dose
was contained in 0.1ml of solution. The volume of the drug solution
injected into each well was 10% of the volume of the nutrient me-
dium and could not exceed it. Thus, the ratio of the volume of the
drug solution to the volume of the nutrient medium was 1:10, while
the maximum dose of each tested drug was 3.0mg, the intermediate
dose was 1.5mg, and the minimum one was 0.3mg. A separate sub-
group was formed for each dose of the drug.

Groups under study:
a)  Group 1-human endometrial cell culture (control);

b)  Group 2-the inflammaging model (genotoxic stress im-
pact) in human endometrial cell culture;
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c¢)  Group 3-V-007 solution at three doses (3mg, 1.5mg, and
0.3mg), without genotoxic stress impact;

d) Group 4-G-004 solution at three doses (3mg, 1.5mg, and
0.3mg), without genotoxic stress impact;

e)  Group 5-V-007 solution at three doses (3mg, 1.5mg, and
0.3mg) in the inflammaging model;

f)  Group 6-G-004 solution at three doses (3mg, 1.5mg, and
0.3mg) in the inflammaging model.

g) In 24 hours after the cultivation, the experimental groups
were subjected to genotoxic stress for 30 min (exposure to UV irra-
diation by Philips TUV 8W lamps (Philips, Netherlands), with the
wavelength of 253.7 nm (UV light). After UV irradiation, the cells
were washed twice with PBS (1x), then placed in the standard vol-
ume of the growth medium and incubated under the standard con-
ditions (5%C02, 37°C).

After 48 hours, the experiment was stopped, the cells were
fixed, and an immunocytochemical study was carried out to de-
termine the expression of key signaling molecules involved in the
mechanism of cellular senescence. Immunocytochemical study:.
The immunocytochemical study was performed on slides with a
monolayer of cells by the use of primary antibodies to prohibitin
(ab75766, 1:500, Abcam, UK) and telomerase reverse transcrip-
tase-hTERT (ab186735, 1:50, Abcam, UK). Secondary antibodies
(AlexaFluor 488, 647 (Abcam, UK)) were used for fluorescent stain-
ing. All primary antibodies were checked at the standard control
staining (positive and negative) to select a protocol and antibody
titer.
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Morphometry and Computer Analysis of Images. To evaluate
the results of immunocytochemical staining, a morphometric study
was performed using the microscope image analysis system con-
sisting of an Olympus IX73 microscope, Olympus DP80 digital cam-
era, AMD Ryzen 3 3200G personal computer, and QuPath software.
12-bit (grayscale) images were obtained using a pseudostaining
technique. The red and green colors were chosen as pseudocol-
ors for expression of the markers, and the blue for nuclei as the
most appropriate for demonstration and subsequent morphomet-
ric analysis of images. At least 5 fields of view were analyzed at
600xmagnification in each case.

The relative area of marker expression per nucleus was calcu-
lated by dividing the total expression area (in pixels) in the field of
view by the number of nuclei. Statistical Analysis of Results. The
Shapiro-Wilk test was used to test normality of the obtained data.
Parametric statistical methods were used in the case where the
sample statistic followed the normal distribution, otherwise non-
parametric methods (Mann-Whitney, Kruskal-Wallis tests) were
applied. However, if the data of at least one sample failed to follow
the normal distribution law, then the typical value in the compar-
ison groups was characterized by the median with the upper and
lower quartiles Me (Q1+Q3).

Results and Discussions

The average expression rates obtained in an immunocyto-
chemical investigation of markers in cell culture for the control and
inflammaging groups, with the addition of 0.1mL (water for injec-
tions) are shown in Table 1.

Table 1: The average parameters of markers in cell culture (with the addition of 0.1mL of water for injections).

Groups
Markers
Control, Thousands of Pixels/Nucleus Inflammaging, Thousands of Pixels/Nucleus
20.9 17.2
PHB

(17.5-37.8) (12.2-22.5)

16 6.9

hTERT

(14.8-16.4) (6.0-9.9) *

Note*: Statistic difference in comparison groups at p<0.05.

The logic of the experiments may be summarized as follows:

The expression of PHB and hTERT under physiological condi-
tion (the injection be water);

The expression of PHB and hTERT under the high doses of the
drugs (3.9mg) and the comparison with the group administered
only with water.

The expression of PHB and hTERT under the 10 times less dos-
es of the drugs (3.9mg) and the comparison with the group admin-
istered only with water.

The investigation of drugs in the intermediate doses to scope
the optimal dose regime for further control of side-effects (Table 1).

The data presented in Table 1 demonstrate that the expression
of hTERT is evidently lower in the group of cells exposed to UV irra-

diation (6.9 thousand pixels/nucleus), as compared to the control
group (16.0 thousand pixels/nucleus), which points to the aging of
cells and the efficacy of the selected inflammaging model (Figure
1). The PHB level in the UV-exposed group (17.2 thousand pixels/
nucleus) is lower than in the controls (20.9 thousand pixels/nucle-
us), but this difference is not statistically significant. This could be
explained by the fact that PHB being a mitochondrial protein quick-
ly changes its activity in the response to damage, thereby prevent-
ing cell death (Figure 1, 2).

The data presented in Table 2 demonstrate that the differenc-
es in the expression of hTERT are insignificant in the UV-exposed
group (13.7 thousand pixels/nucleus) as compared to the control
group (11.5 thousand pixels/nucleus) (Figure 3) as well as to the
inflammaging group with the injection by water (6.9 thousand pix-
els/nucleus) (Table 1).
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Controls. Relative expression area—
16.0 thousand pixels/nucleus

Inflammaging, Relative expression area—

6.9 thousand pixels/nucleus

Figure 1: hTERT expression in cell culture. Immunocytochemical staining, x1000.

Controls. Relative expression area—
20.9 thousand pixels/nucleus

Inflammaging. Relative expression area—

17.2 thousand pixels/nucleus

Figure 2: Prohibitin expression in cell culture. Immunocytochemical staining, x1000.

Table 2: The average parameters of markers in cell culture under the action of V-007 (3mg).

Groups
Markers
Control, Thousands Pixels/Nucleus Inflammaging, Thousands Pixels/Nucleus
63.7 46
PHB

(43.1-78.6) (30.8-55.3)*

11.5 13.7
hTERT
(10.8-12.5) (10.4-16.8)

Note*: Statistic difference in comparison groups at p<0.05.

The level of prohibitin in the UV-exposed group (46.0 thousand
pixels/nucleus) was significantly lower than in the control group
(63.7 thousand pixels/nucleus) (Figure 4) and exhibited significant
differences in the inflammaging group with the injection by water
(17.2 thousand pixels/nucleus) (Table 1). These results demon-
strate that V-007 has no impact on cell division despite an increase
in enzyme production under the drug administration. In the case of

V-007 administration, prohibitin showed a considerable increase of
expression both in normal cells with the drug administration and in
UV-exposed cells, but failed to achieve the target values of control
levels. These outcomes prove that the target for V-007 geroprotec-
tive action is prohibitin which promotes mitochondrial metabolism
to fight oxidative stress and alteration (Figure 3,4).
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Controls. Relative expression area—
11.5 thousand pixels/nucleus

Inflammaging. Relative expression area—

13.7 thousand pixels/nucleus

Figure 3: hTERT expression in cell culture. Immunocytochemical staining, x1000.

Controls. Relative expression area—
63.7 thousand pixels /nucleus

Inflammaging. Relative expression area—

46.0 thousand pixels/nucleus

Figure 4: Prohibitin expression in cell culture. Immunocytochemical staining, x1000.

The results presented in Table 3 illustrate that the differenc-
es in hTERT expression are insignificant in the UV-exposed group

(15.7 thousand pixels/nucleus) in comparison with the control
group (13.2 thousand pixels/nucleus) Figure 5 (Table 3).

Table 3: The average parameters of markers in cell culture under the action of G-004 (3mg).

Groups
Markers
Control, Thousands Pixels/Nucleus Inflammaging, Thousands Pixels/Nucleus
27.3 38.9
Prohibitin
(23.4-39.0) (34.6-55.3)*
13.2 15.7
hTERT
(11.8-15.5) (13.4-17.9)

Note*: Statistic difference in comparison groups at p<0.05.

However, the comparison with the inflammaging group with
the injection by water (6.9 thousand pixels/nucleus) (Table 1)
revealed significant difference characterized by the increasing of
hTERT expression, which demonstrates the G-004 promoting ef-
fect on telomerase activity (reparation) in the case of damage. The
level of prohibitin in the UV-exposed group (38.9 thousand pixels/
nucleus) was significantly higher than in the control group (27.3
thousand pixels/nucleus) (Figure 6) and in the inflammaging

group with the injection by water (17.2 thousand pixels/nucleus)
(Table 1). The comparison with the values of V-007 administration
showed no significant differences (46.0 thousand pixels/nucleus).
Thus, the obtained data points to the effect of G-004 on the up-regu-
lation of mitochondrial chaperone proteins along with an increased
resistance of cells to oxidative stress. Our study revealed the same
effect of G-004 and V-007 at the dose of 3 mg on mitochondrial me-
tabolism and resistance to the oxidative stress (Figure 5,6).
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Controls. Relative expression area—
13.2 thousand pixels/nucleus

Inflammaging. Relative expression area—

15.7 thousand pixels/nucleus

Figure 5: hTERT expression in cell culture. Immunocytochemical staining, x1000.

Controls. Relative expression area—
27.3 thousand pixels/nucleus

Inflammaging. Relative expression area—

38.9 thousand pixels/nucleus

Figure 6: Prohibitin expression in cell culture. Immunocytochemical staining, x1000.

The summarized hTERT and PHB expression levels in normal

cell culture and in UV-exposed culture (inflammaging), depending presented in (Table 4).

Table 4: The average parameters of markers in cell cultures.

from the effect of drugs (V-007, G-004, the injection by water), are

Groups

Markers

PHB Thousands of Pixels/Nucleus

hTERT Thousands of Pixels/Nucleus

Normal culture

Injection by water 209 16
(17.5-37.8)### (14.8-16.4)*, ###
G-004 27.3 13.2
(3.0 mg) (23.4-39.0)%, ### (11.8-15.5)
V-007 63.7 11.5
(3.0 mg) (43.1-78.6)*, #, ## (10.8-12.5)#
Cell Culture (Inflammaging)
Injection by water 17.2 6.9
(12.2-22.5)##, ### (6.0-9.9)%, ##
G-004 38.9 15.7
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(3.0 mg) (34.6-55.3)%, # (13.4-17.9)#
V-007 46 13.7
(3.0 mg) (30.8-55.3)# (10.4-16.8)

Note*: Statistic difference between normal culture and UV-exposed culture (inflammaging), at p<0.05; #, ##, ###-statistic difference

between markers within one culture (#-with injection water, ##-G-004, and ###-V-007), at p<0.05..

When studying the drugs at the dose of 0.3 mg (Table 5), the
differences in the expression of hTERT are significant in the UV-ex-
posed group (14.6 thousand pixels/nucleus) as compared to the
control group (12.1 thousand pixels/nucleus) (Figure 7) and the
inflammaging group with the injection by water (6.9 thousand
pixels/nucleus) (Table 4). The prohibitin level in the UV-exposed
group (26.0 thousand pixels/nucleus) was different from the con-
trol group (37.4 thousand pixels/nucleus) (Figure 8) and exhibited
significant differences from the inflammaging group with the injec-

tion by water (17.2 thousand pixels/nucleus) (Table 4). Significant
differences (p<0.05) were found between prohibitin expression at
V-007 concentrations of 3.0 mg (63.7 thousand of pixels/nucleus)
and 0.3mg (37.4 thousand of pixels/nucleus) only in the groups
which were not exposed to UV irradiation. The obtained data con-
firm the conclusion that the target for V-007 geroprotective action
(for both doses) is prohibitin which promotes mitochondrial me-
tabolism to fight oxidative stress and alteration (Figure 7,8).

Table 5: Average parameters of markers in cell culture with the administration of V-007 (0.3 mg).

Groups
Markers
Control, Thousands Pixels/Nucleus Inflammaging, Thousands Pixels/Nucleus
37.4 26
Prohibitin
(27.7-47) (21.1-35.4)*
12.1 14.6
hTERT
(9-13.4) (12.7-15.2)*

Note*: Statistic difference in comparison groups at p<0.05.

Controls. Relative expression area—
12.1 thousand pixels/nucleus

Inflammaging. Relative expression area—

14.6 thousand pixels/nucleus

Figure 7: hTERT expression in cell culture. Immunocytochemical staining, x1000.

Controls. Relative expression area—
37.4 thousand pixels/nucleus

Inflammaging. Relative expression area—

26.0 thousand pixels/nucleus

Figure 8: Prohibitin expression in cell culture. Immunocytochemical staining, x1000.
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The average parameters of markers in cell culture with G-004
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administration (at the dose of 0.3mg) are presented in (Table 6).

Table 6: The average parameters of markers in cell culture with the administration of G-004 (0.3 mg).

Groups
Markers
Control, Thousands Pixels/Nucleus Inflammaging, Thousands Pixels/Nucleus
30.8 51.5
Prohibitin
(26.3-34.9) (37.2-55.4)*
11.1 11.9
hTERT
(8.9-12.3) (9.9-15.7)

Note*: Statistic difference in comparison groups at p<0.05.

The data presented in Table 6 and on Figure 9 illustrate that the
differences in h-TERT expression are insignificant in the UV-exposed
group (11.9 thousand pixels/nucleus) in comparison with the con-
trol group (11.1 thousand pixels/nucleus). The prohibitin level in
the UV-exposed group (51.5 thousand pixels/nucleus) was signifi-
cantly lower than that in the control group (30.8 thousand pixels/
nucleus) (Figure 10) and in the inflammaging group with the injec-

tion by water (17.2 thousand pixels/nucleus) (Table 4). Significant
differences were found between hTERT expression at G-004 con-
centrations of 3.0 mg (13.2 thousand of pixels/nucleus) and 0.3mg
(11.1 thousand of pixels/nucleus) in the groups that were not ex-
posed to UV irradiation. Our study has shown that G-004 as well as
V-007 at the dose of 0.3 mg possess a stimulating effect on prohibi-
tin expression in normal and damaged tissues (Figures 9,10).

Controls. Relative expression area—
11.1 thousand pixels/nucleus

Inflammaging. Relative expression area—

11.9 thousand pixels/nucleus

Figure 9: hTERT expression in cell culture. Immunocytochemical staining, x1000.

Controls. Relative expression area—
30.8 thousand pixels/nucleus

Inflammaging. Relative expression area—

51.5 thousand pizels/nucleus

Figure 10: Prohibitin expression in cell culture. Immunocytochemical staining, x1000..

The summarized hTERT and PHB expression levels in normal
cell culture and in UV-exposed culture (inflammaging), depending

from the effect of medications (V-007, G-004, the injection by wa-
ter), are presented in (Table 7).
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Table 7: The average parameters of markers in cell cultures.

Copyright© Ekaterina Mironova

Groups

Markers

PHB Thousands of Pixels/Nucleus

hTERT Thousands of Pixels/Nucleus

Normal culture

Injection by water

20.9 (17.5-37.8)

16.0 (14.8-16.4)*, ##, ###

G-004 0.3 mg

30.8 (26.3-34.9)*

11.1(8.9-12.3) #

V-007 0.3 mg

37.4 (27.7-47)*

12.1 (9-13.4)% #

Cell Culture (Inflammaging)

Injection by water

17.2 (12.2-22.5)##

6.9 (6.0-9.9) *, ##t#

G-004 0.3 mg

51.5 (37.2-55.4)%, #, ###

11.9 (9.9-15.7)

V-007 0.3 mg

26 (21.1-35.4)%, ##

14.6 (12.7-15.2)% #

Note*: Statistic difference between normal culture and UV-exposed culture (inflammaging), at p 0.05; #, ##, ###-statistic difference

between markers within one culture (#-with injection water, ##-G-004, and ###-V-007), at p<0.05’.

Our study confirms that both molecules, hTERT and PHB, are
targets for the geroprotective effect of G-004 (at both doses). We
also investigate intermediate doses of the drugs (1.5mg). As evident
from data presented in Table 8, the differences in the expression
of hTERT are significant in the UV-exposed group (12.4 thousand
pixels/nucleus) as compared to the control group (8.3 thousand
pixels/nucleus) (Figure 11) and the inflammaging group with the
injection by water (6.9 thousand pixels/nucleus) (Table 7). The

level of prohibitin in the UV-exposed group (72.1 thousand pixels/
nucleus) was different from that in the control group (49.1 thou-
sand pixels/nucleus) (Figure 12) and exhibited significant differ-
ences from the inflammaging group with the injection by water
(17.2 thousand pixels/nucleus) (Table 7). Significant differences
(p<0.05) were found between prohibitin expression at V-007 con-
centrations of 1.5 mg and 0.3 mg (26.0 thousand of pixels/nucleus)
in the UV-exposed groups (Table 8).

Table 8: The average parameters of markers in cell culture with the injection of V-007 (1.5 mg).

Groups
Markers
Control, Thousands Pixels/Nucleus Inflammaging, Thousands Pixels/Nucleus
49.1 72.1
Prohibitin
(35.7-61.3) (58.7-84.2)*
8.3 12.4
hTERT
(8-11.6) (10.3-15.6)*

Note*: Statistic difference in comparison groups at p<0.05.

Controls. Relative expression area—
8.3 thousand pixels/nucleus

Inflammaging. Relative expression area—

12.4 thousand pixels/nucleus

Figure 11: hTERT expression in cell culture. Immunocytochemical staining, x1000.

The obtained data confirm that the target for V-007 geroprotec-
tive action is prohibitin which promotes mitochondrial metabolism
to fight the oxidative stress and alteration. The highest expression

of prohibitin (72.1 thousand pixels/nucleus) was observed at V-007
concentration of 1.5 mg in the UV-exposed group (Figure 11,12).
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Controls. Relative expression area—
49,1 thousand pixels/nucleus

Inflammaging. Relative expression area—

72.1 thousand pixels/nucleus

Figure 12: Prohibitin expression in cell culture. Immunocytochemical staining, x1000.

The average parameters of markers in cell culture with G-004
administration (1.5mg) are presented in (Table 9).

As evident from data presented in Table 9, the differences in
the expression of hTERT are insignificant in the UV-exposed group
(16.8 thousand pixels/nucleus) as compared to the control group
(14.0 thousand pixels/nucleus) (Figure 13) and the inflammaging
group with the injection by water (6.9 thousand pixels/nucleus)
(Table 10). The data presented in Table 9 and on Figure 14 illus-

trate that the differences in prohibitin expression are significantly
higher (p<0.05) in the UV-exposed group (40.7 thousand pixels/
nucleus) in comparison with the control group (29.0 thousand pix-
els/nucleus). The prohibitin level in the UV-exposed group (40.7
thousand pixels/nucleus) was significantly lower than that in the
control group (29.0 thousand pixels/nucleus) (Figure 14) and in
the inflammaging group with the injection by water (17.2 thousand
pixels/nucleus) (Table 10) (Figure s13, 14).

Table 9: The average parameters of markers in cell culture with the injection by G-004 (1.5 mg).

Groups
Markers
Control, Thousands Pixels/Nucleus Inflammaging, Thousands Pixels/Nucleus
29 40.7
Prohibitin
(23.3-38.0) (33.5-55.0)*
14 16.8
hTERT
(12.2-16.7) (10.8-21.2)

Note*: Statistic difference in comparison groups at p<0.05.

Table 10: The average parameters of markers in cell cultures.

Groups

Markers

PHB Thousands of Pixels/Nucleus

hTERT Thousands of Pixels/Nucleus

Normal culture

Injection by water

20.9 (17.5-37.8)###

16.0 (14.8-16.4)%, ###

G-004, 1.5 mg

29.0 (23.338.0)%, ###

14.0 (12.2-16.7) ###

V-007, 1.5 mg

49.1 (35.7-61.3)% #, ##

8.3 (8-11.6)* #, ##

Cell Culture (Inflammaging)

Injection by water

17.2 (12.2-22.5) ##, ###

6.9 (6.0-9.9)%, ##

G-004, 1.5 mg

40.7 (33.5-55.0)%, #

16.8 (10.8-21.2) #

V-007, 1.5 mg

72.1 (58.7-84.2)*, #

12.4 (10.3-15.6)*

Note*: Statistic difference between normal culture and UV-exposed culture (inflammaging), at p<0.05; #, ##, ###-statistic difference
between markers within one culture (#-with the injection by water, ##-G-004, and ###-V-007), at p<0.05.

Significant differences were found between hTERT expression
at G-004 concentrations of 1.5 mg (14.0 thousand of pixels/nu-
cleus) and 0.3mg (11.1 thousand of pixels/nucleus) in the groups
which were not exposed to UV irradiation. Our study has shown
that G-004 at the dose of 1.5mg exerts an effect on hTERT expres-

sion in normal undamaged tissues. The aggregated indicators of
hTERT and PHB expression in normal cell culture and in UV-ex-
posed culture (inflammaging), depending on the effect of medica-
tions (V-007, G-004, injection water), are presented in Table 10.
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Controls. Relative expression area—
14.0 thousand pixels/nucleus

Inflammaging. Relative expression area—

16.8 thousand pixels/nucleus

Figure 13: hTERT expression in cell culture. Immunocytochemical staining, x1000.

Controls. Relative expression area—
29.0 thousand pixels/nucleus

Inflammaging, Relative expression area—

40.7 thousand pixels/nucleus

Figure 14: Prohibitin expression in cell culture. Immunocytochemical staining, x1000.

The obtained data allows us to establish the geroprotective ef-
fect of V-007 and G004 drugs in the inflammaging model in endo-
metrial cell culture. It has been shown that the targets for G-004 at
all doses are hTERT and prohibitin, a key mitochondrial protein/
chaperone, and for V-007 at the same doses it is prohibitin only.
Thus, the geroprotective activity of G-004 is manifest both in the
promotion of the functional activity of telomerase (promoting rep-
aration) as well as in the promotion of mitochondrial metabolism
(increasing of the resistance to the oxidative stress), while the gero-
protective activity of V-007 is manifest in an increased resistance
of cells to the oxidative stress. A further investigation of the effects
of V-007 and G-004 will allow to specify the mechanism of their
impact on the expression of key signaling gerotropic molecules and
thereby map paths for the optimization of their use as medicines
for the prevention of premature aging and treatment of age-associ-
ated pathologies. It appears promising to examine, on a larger scale,
other signaling molecules as possible pharmacological targets,
which will open prospects for the improvement of geroprotective
and general regulatory effects of glutathione-containing drugs.

Conclusions

The expression of prohibitin and telomerase reverse transcrip-
tase (hTERT) was statistically lower in the UV-exposed group (the
inflammaging model) in comparison with the control group, which
points to the dynamic aging of cells in culture and the efficacy of the
selected inflammaging model. The investigation of geroprotective
properties of V-007 and G-004 have demonstrated their effect at all
applied doses (0.3mg, 3.0mg, 1.5mg) on the expression of signaling
molecules in endometrial cell culture both in normal passaging and
under conditions of senescence modeling (inflammaging). V-007
does not exert an effect on telomerase activity of cells but signifi-
cantly promotes the expression of prohibitin, which stimulates mi-
tochondrial metabolism in inflammaging conditions. The effect of
V-007 varies at different concentrations: at doses of 1.5 and 3.0mg
it affects prohibitin with a significant increase of expression.

The highest expression of prohibitin (72.1 thousand pixels/nu-
cleus) was observed at V-007 concentration of 1.5mg in the UV-ex-
posed group. At the dose of 0.3mg in the case of damaged cells, no
effect was observed, and the expression increased only in undam-
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aged cells. When evaluating the effect on hTERT expression, an in-
crease in enzyme activity was only found for the concentration of
0.3mg. G-004 significantly increases telomerase activity and pro-
hibitin expression in inflammaging conditions, that enhances the
reparation and cell resistance to oxidative stress, and at the dose of
1.5mg G-004 exerts an effect on hTERT expression predominant-
ly in undamaged tissues. The study of two signaling molecules in-
volved in cellular senescence has demonstrated that the target of
V-007 geroprotective action is prohibitin, and the target of G-004
geroprotective action is hTERT and prohibitin. G-004 has a wider
and more expressed geroprotective effect, affecting both mitochon-
drial and nuclear mechanisms of cellular senescence.
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