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Autophagy activity was studied on men of different ages and weights under conditions of partial food dep-
rivation (800-120 kcal per day). Beclin- 1 marker, which was determined by enzyme immunoassay, was chosen
as an indicator of autophagy activity. Autophagy activity was determined by the difference in the concentra-
tion of beclin-1 before the onset of food deprivation and 12 days later, expressed as a percentage of the initial
one. The study showed that the leading factor influencing the activity of autophagy in men is age and certain
components of body composition. The authors assess the degree of activation of the autophagy process in men
in relation to various factors, such as weight, body composition, age, biochemical parameters of lipid metabo-
lism under conditions of partial food deprivation (PFD). Autophagy activity was determined by the difference
in the concentration of beclin-1 before the start of food deprivation and after 12 days. The authors found that
the weight category of the patient does not play a significant role in the degree of autophagy activation during
calorie restriction in men. The most significant factor influencing the activity of autophagy is age and is a fac-
tor influencing the blood lipid spectrum. The authors found a negative correlation between delta-beclin-1 and
high-density lipoproteins at the young age, and negative correlations with LDL, total cholesterol and positive
correlations with HDL in the elderly.
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The works devoted to autophagy show the
important physiological role of this process in
maintaining cellular and systemic homeostasis
in mammals [1]. However, most studies have
been carried out either on experimental animals
or on individual cell cultures [2, 3]. It is general-
ly accepted that calorie restriction stimulates the
process of autophagy, which was the argument
for the widespread introduction of various re-
strictive diets into the masses of the population
[4, 5, 6]. The autophagy marker Beclin-1 protein
is used to characterise the autophagy process. In
2001, Tamotsu Yoshimori and colleagues [7]
showed that Beclin-1 forms a complex with
phosphatidylinositol-3-kinase (PI3K) and in
this composition initiates the nucleation and for-
mation of the autophagosome membrane, and
plays a key role in other stages of autophagy
[8,9]. At the same time, the analysis of literature
data shows the paucity of studies of this issue
specifically on humans. In this regard, the study
of the process of autophagy and factors affecting
the activity of this process is an urgent problem.

Purpose of the study: to determine the
degree of activation of the autophagy process
in men in connection with various factors:
weight, body composition, age, biochemical
parameters of lipid metabolism under condi-
tions of partial food deprivation (PFD).

Materials and methods of research

This study involved 20 men. The concen-
tration of Beclin-1 was highly variable, and
therefore the interpercentile interval of 5%-95%

was chosen. This interval included 17 men aged
30 to 69 years and weighing 68.6 to 198 kg.
The subjects were examined and received par-
tial food deprivation on the basis of the clinic
LLC “Health Center” in the city of Maykop
(Russia, Republic of Adygea). This diet includ-
ed caloric restriction to 1100 kcal/day. Clinical
and biochemical blood tests included complete
blood count, total cholesterol (TC), high density
lipoproteins (HDL), low density lipoproteins
(LDL), triglycerides (TG). Indicators of body
composition (muscle mass — M.M., lean mass —
L.M., fat mass — F.M., total body water — TBW,
extracellular water — Ext. W., intracellular wa-
ter — Int. W.) were determined by the impedance
method on the device Medi Ld (France) using
EIS — ESTECK (USA) software. Body mass in-
dex (BMI) was calculated by the Quetelet coef-
ficient: the ratio of body weight (kg) to height
(m?). Obesity was diagnosed with BMI >30 kg/
m?. The activity of autophagy processes was
determined using the Beclin-1 protein. To char-
acterize the activity of autophagy, the indicator
“delta-beclin-1” was introduced — the difference
between the initial concentration and the repeat-
ed determination, expressed as a percentage.
The concentration of beclin-1 was determined
by enzyme immunoassay using the apparatus “
CLARIOstarplus “ BMG LABTECH (Germa-
ny) with Cloud — Clone test kits Corp “ (USA).
Blood sampling was carried out in the morning
on an empty stomach upon admission to the
health center and on the 12th day of arrival. The
marker concentration was expressed in pg /mL.
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The subjects were divided into 3 age
groups, according to WHO recommendations:
young age from 18-44 years old, average age
from 45 to 60 years old and old age from 61 to
75 years old.

IBM software SPSSStatistics (26.0). To
characterise the statistical series, descriptive
statistics (percentiles 5%-95%) were used with
the calculation of the median, mean, error of
the mean, minimum and maximum values. To
compare the mean values, the nonparametric
Mann-Whitney U-test and the parametric Stu-
dent’s t-test were used. Pearson’s correlation
analysis was used to identify relationships be-
tween the studied parameters. The association
was considered significant at p < 0.05.

Results of the research and discussions

First of all, the obtained data were com-
pared depending on the age and weight of the
patients (Tables 1 and 2).

When comparing the parameters of delta-
becklin between groups depending on age
(Table 1) and weight (Table 2), no significant

differences could be found. However, when
analysing the lipid spectrum and autophagy ac-
tivity, interesting data were obtained (Table 3).

Correlation analysis (Table 3) revealed a
positive correlation at a young age between LDL
and beclin-1 deltas and a negative correlation be-
tween HDL and beclin-1 delta. In old age, a high
direct correlation was found between HDL, TC
and Beclin-1 delta and a negative one between
LDL and Beclin-1 delta. This trend was not ob-
served in the middle age group. When analysing
the indicators of autophagy activity depending on
weight, no differences were found (Table 4).

Analysis of the body composition delta pa-
rameters (Table 5) revealed direct correlations
at a young age between the levels of muscle
mass, lean mass, total body water, and Bec-
lin-1 delta. In the elderly, an inverse correlation
was found between the amount of fat mass and
Beclin-1 delta.

When examining the parameters of patients
with different weight categories depending on
body composition, no significant relationships
were found (Table 6).

Table 1
Comparison of the beclin concentration delta (in % of baseline)
before and after FPD depending on age
Study groups/age M cf. c m0 Median Min Max P

1. Young (n=4) 164.7 234.9 117.5 123.5 -40 452 P ,=0.78

2.Medium (n=8) 222.1 358.9 126.9 66.5 -35 987 P ,=0.81

3. Elderly (n=15) 129.2 191.1 85.4 66.0 -17 462 P, ,=0.61
Table 2

Comparison of beclin concentration delta (in % of baseline)
before and after FPD depending on weight
Study groups/age M cf. o m0 Median Min Max P

1.Normal weight (n=5) 89.6 104.9 46.9 66.0 -14 261 P —04

2. Obesity (n= 12) 219.5 321.7 92.9 66.5 -40 987 2
Table 3

Correlation analysis between beclin-1 concentration deltas
and lipid spectrum indices depending on age
A y Correlation coefficient
ge groups/age LDL HDL Total cholesterol Triglycerides

1. Whole group (n=17) 0.18 0.02 0.21 0.19

2. Young (n=4) 0.94* 20.91* 0.59 0.32

3.Medium (n= 8) 0.44 -0.41 0.5 0.46

4. Elderly (n=5) -0.99* 0.94%** -0.98** -0.33

Note: *significance — p <0.05; **significance — p <0.01
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Table 4
Correlation analysis between beclin-1 concentration deltas
and lipid spectrum indices depending on body weight
Correlation coefficient
Study Groups X .
LDL HDL Total cholesterol Triglycerides
1.Normal weight (n=5) 0.29 -0.6 0.55 0.3
2.0besity (n=12) 0.2 0.006 0.25 0.32
Table 5
Correlation analysis between deltas of beclin-1 concentration
and indicators of body composition depending on age
Correlation coefficient
Study groups/age -
Weight | BMI MM. | FM. | L.M. | TBW |Ext. W.| Int. W.
1. The whole group (n=17) -0.20 -0.33 | -0.18 | -0.18 | -0.24 0.09 -0.01 -0.08
2. Young (n=4) 0.27 0.27 0.96* | 0.96* 0.07 0.96* 0.86 -0.66
3.Medium (n= 8) -0.28 -0.58 | -0.57 | -0.57 | -0.23 0.13 -0.22 -0.02
4. Elderly (n=15) -0.50 -0.50 | -0.79 | -0.79 | -0.87* | -0.79 | -0.05 -0.23
Note: *significance — p <0.05.
Table 6
Correlation analysis between beclin-1 concentration deltas
and body composition indices depending on body weight
Correlation coefficient
Study Groups -
Weight | BMI | MM. | T.M. | L.M. | TBW |Ext. W.| Int. W.
1.Normal weight (n=5) -0.12 | -0.14 0.1 0.1 0.1 0.1 0.29 -0.4
2.0besity (n=12) -0.26 | -045 | -0.27 | -0.27 | -0.31 0.13 0.02 -0.15

Conclusion

The data obtained indicate that the weight
category of the patient does not play a signifi-
cant role in the degree of autophagy activation
during caloric restriction in men. The most
significant factor affecting the activity of au-
tophagy is age. In particular, this is confirmed
by the presence of direct correlations in the
young examined with muscle, lean mass and
total water content, in the elderly — the pres-
ence of a negative relationship with the total fat
content. Age also turned out to be a factor in-
fluencing changes in the blood lipid spectrum:
at a young age, a negative correlation was
found between delta-beclin-1 and high-density
lipoproteins, and in old age, negative correla-
tions with LDL, total cholesterol and positive
correlations with HDL.

In this study, the fact of a decrease in the
activity of autophagy as a person grows older
was confirmed. Previously, the data obtained
concerned only laboratory animals or indi-

vidual cell cultures [10]. Restriction of caloric
intake is the starting point for the activation of
internal signaling pathways for changing me-
tabolism. One such regulator is the sirtuin-1 en-
zyme protein (SIRT-1). Experimental studies
have shown that calorie restriction contributes
to longevity and cell protection from hypoxia
through the sirtuin-1-dependent autophagy
process [11, 12].

From these positions, SIRT1 acts as an en-
ergy sensor of cells. Sirtuin-1 is a representa-
tive of NAD-dependent deacetylases, which,
when over-expressed, can increase the lifespan
of individual mammalian representatives [13].
Through the process of acetylation, sirtuins are
able to regulate apoptosis, gluconeogenesis,
fatty acid oxidation, insulin sensitivity, and dif-
ferentiation of adipose tissue cells [14].

Deficiency of energy substrates can act as a
trigger for the expression of sirtuin-1 and 3. In
theirreview, Rusakova E. etal. [15] showed that
the SIRT1 gene promotes the process of gluco-
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neogenesis in the liver, fatty acid oxidation in
muscles, and fat mobilization in adipose tissue,
which gives the right to consider this gene an
important regulator of lipid metabolism.

Indeed, a number of studies have shown
that SIRT1 activates gluconeogenesis in the
liver, fatty acid oxidation in muscles, and fat
mobilization in adipose tissue.

In an experiment under conditions of hy-
perglycemia, SIRT1 prevents the accumulation
of lipids in the liver through the activation reac-
tion of AMPK (AMP-activated protein kinase).
SIRT1 can regulate lipid metabolism in the liver
through deacetylation of SREBPs (Sterol Regu-
latory Element-Binding Proteins) proteins that
regulate lipogenesis and cholesterol synthesis.
Activation of SIRT1 inhibits SREBPs gene ex-
pression and reduces signs of steatosis in mice
fed a restricted diet and mice with genetic obe-
sity. In terms of the problem studied by the au-
thors, it is important to note that the impaired
function of SIRT1 in adipose tissue in geneti-
cally fatty mice (ADIPO-H363Y) was restored
with calorie restriction [16].

Deacetylation of beclin-1 under the influ-
ence of SIRT1, as follows from the literature
data [17, 18], is accompanied by an increase in
the number of autophagosomes. They require
components to build, including cholesterol,
LDL, HDL. It is possible that this regulation
of lipid metabolism is carried out through sir-
tuin-1. The consensual response of SIRT1 and
beclin-1 in elderly men seemed to manifest
itself most physiologically, namely, in a trend
towards a decrease in LDL and an increase
in HDL. However, the matter requires a fur-
ther study.
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