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Abstract. The presence of humans and animals under long-term continuous lighting leads to a suppression of
melatonin synthesis, that is, to light-induced functional pinealectomy (LIFP), and the development of desynchro-
nosis. To create LIFP, C57BI/6 mice were kept under 24-hour lighting (24hL) for 14 days. The animals in the control
group were kept under standard lighting conditions. In the next series of experiments, mice with LIFP received
daily intragastrically either melatonin (1 mg/kg body weight in 200 pl of distilled water) or 200 pl of water as a
placebo. The comparison group consisted of intact animals that received placebo under standard lighting con-
ditions. Immunohistochemical analysis (using an indirect avidin-biotin peroxidase method) revealed the expres-
sion of the antiapoptotic protein Bcl-2 and the proapoptotic protein Bad in sinusoid liver cells (a heterogeneous
population consisting of the endotheliocytes, Kupffer cells, Ito cells, and Pit cells) and in individual hepatocytes.
The Bad expression area in the liver of LIFP mice increased 4 times against a background of the unchanged Bcl-2
expression area. Changes in the brightness (a parameter inversely proportional to the marker concentration) of
Bad and Bcl-2 areas did not reach significance. Our results indicate a weakening of the antiapoptotic protection of
liver cells of LIFP animals, which creates conditions for activation of the “mitochondrial branch” of apoptosis. Mela-
tonin treatment of LIFP mice resulted in a 3.3-fold increase in Bcl-2 expression area and a 2.7 % decrease in Bcl-2
region brightness compared with the experimental untreated group. Bad protein parameters were unreliable. Thus,
melatonin treatment of animals cancels the effect of LIFP, restoring the Bcl-2 expression area and increasing this
protein concentration, which indicates an increase in antiapoptotic protection and creates conditions for blocking
the development of the “mitochondrial branch” of apoptosis in liver cells.
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AHHoTayus. MpebbiBaHMe YenoBeKa 1 XNBOTHbIX B YCIIOBUAX ASINTENIbHOIO HEMPEPLIBHOrO OCBELLEHUS NPUBOANUT
K NMOAaBNIEHMIO CMHTE3a MENAaTOHUHA, T. €. K CBETOMHAYLMPOBaHHON GyHKLUMOHanbHON anmudnssktommn (CO3), n
pasBuUTUIO fecnHXpoHo3a. Ana co3panus CO3 mbiwm nnHumn C57BI/6 copgepanncb B YCIOBUAX KPYTIOCYTOYHOIO
ocBelleHnA B TeyeHne 14 cyTok. KNBOTHbIe KOHTPONbHOW FPYMMbl HAXOAUINCE NPU CTaHAAPTHOM peXrme ocBe-
WweHuA. B cnepytoLen cepum skcneprMeHToB Mblum ¢ CO nonyyanu exxefHEBHO BHYTPVIKENYAOUYHO MO0 MenaTto-
HUH (T mMr/Kr maccol Tena B 200 MK Bogbl), 1160 B KayecTse nnaue6o 200 MKN ANCTUANMPOBAHHON BoAbl. Mpynnoi
CpaBHEHWA CIYXKMNIM UHTAKTHBIE XXMBOTHbIE, MOJTyYaBLUMe Miauebo Npu CTaHAAPTHOM PeXrme ocBeLleHus. B pe-
3ynbTaTe IMMYHOTMCTOXMMUYECKOTO aHanm3a (HenpAMbIM aBUAMH-OMOTUHOBBIM MNEPOKCMAA3HBIM METOLOM) B CU-
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kcnpeccua Bcl-2 v Bad B nevenn nocne GpyHKLMOHaNbHOW
MUHEaN3KTOMUM 1 KOPPEKLIMN MENaTOHUHOM

HYCOUMJHBIX KNeTKax neyeHn (reTeporeHHas nonynsaLuuys, COCToALanA 13 SHAOTENIMOLNTOB, KneTok Kyndepa, kneTok
/ITo 1 pit-KNeToK) 1 B OTAENbHbIX renatoumtax 6biia BbisiBlIeHa SKCMPECcUs aHTManonToTnyeckoro 6enka Bel-2 n
npoanonToTyeckoro npoterHa Bad. B kneTkax neueHn mbiwen ¢ mogenbio COS o6HapyKeHO uYeTbipexKkpaTHoe
yBenuueHne niolagm skcnpeccun Bad Ha poHe HerameHuBLLeca nnowaam skcnpeccum Bel-2. loctoBepHbIX 13-
MeHeHUI APKOCTM (NapameTp, 06paTHO NPOMOPLIMOHASbHbIN KOHLIEHTPaLMU MapKepa) yYacTKOB, OKpaLLIEHHbIX Ha
Bcl-2 n Bad, oTmeueHo He 6bin10. [onyyeHHble AaHHble CBMAETENbCTBYIOT 06 0CNabneHn aHTUANonNToTMYeCKow 3a-
LMTBI KNETOK MeyeHr XUBOTHbIX, COLEPXKaBLUMXCA NPY KPYrNOCYyTOYHOM OCBELLEHMM, YTO CO3AAeT YCNOBUA AJis
aKTMBaLMU «<MUTOXOHAPWANbHOM BETBMW» arnonTo3a, Hanbosee BblpaXXeHHOW B CUHYCOUAHbIX KNeTKax neuveHu. Bee-
JeHvie MenaToHuHa Mbiwam ¢ mogenbio CO3 npuBeno K Bo3pacTaHuio B 3.3 pasa nnowaau skcnpeccun Bel-2 n
CHVKEHMIO Ha 2.7 % APKOCTY (T.€. yBENMUYEHUIO KOHLIEHTPaLMK) YHaCcTKOB, OKpaLLeHHbIX Ha Bcl-2, no cpaBHeHuio ¢
OnMbITHON rpynnoi 6e3 neyenus. ina Bad n3ameHeHus nccnegyembix MapaMeTpoB VMeNN XapaKTep TeHAeHUmiA. Ta-
KM 06pa3om, HTparacTpasbHOe BBEAeHME MeNaToHVHa XK1BOTHBIM aHHYMpPYeT 3 deKT CBEeTOMHAYLIMPOBaHHOW
bYHKUMOHANbHON NHEeanaKToMyK1, BOCCTaHaBNVBasA MIoWaAb SKCNPeCccMn U yBeUMBaa KOHLEHTPALUIO aHTy-
anonTtoTuyeckoro 6enka Bcl-2 B kneTkax neueHu, 4To CBMAETENLCTBYET 06 YCUIEHUV aHTMANONTOTUYECKON 3aLLUTbl
KJIeTOK OpraHa 1 Co3faeT ycioBus Ans 6NoK1poBaHUsA pa3BUTHA <MUTOXOHAPWANbHO BETBM» anonTo3a.

KnioueBble crioBa: MeNaToOHWH; KPYrioCyTOYHOE OCBELLeHVE; CBEeTOMHAYLMPOBaHHan dyHKLUVOHaNbHan anndus-
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3KTOMUSA; NeveHb; Bad; Bcl-2.

Introduction

At present, human activities are often associated with a change
in the natural rhythm of life and with working in artificial
lighting conditions, which leads to an increase in the light
day period. Lighting at night is considered by scientists as
“light pollution™; it is attributed to non-chemical endocrine
disruptors affecting both human and animal health, including
violations of circadian regulation of melatonin (MT) synthesis,
metabolism and other hormone-controlled systems, and the
cancer risk (Michurina et al., 2005; Borodin et al., 2012; Rus-
sart, Nelson, 2018). By now, scientists have concluded that
melatonin is not “a sleep hormone, but a dark hormone” (Reiter
et al., 2013; Arendt, 2019). It’s known that light suppresses
melatonin production, and darkness weakens this suppression,
stimulating the synthesis and release of this hormone into the
bloodstream. Of particular importance is the fact that MT sup-
pression in nocturnal rodents is initiated by light. A light
pulse lasting only 15 min is sufficient to induce locomotor
suppression that endures for more than an hour, and a 1-min
light pulse also suppresses MT synthesis for about the same
amount of time (Morin, 2013). As a result of long-term stay
of humans and animals under 24-hour lighting (24hL) condi-
tions, a decrease/cessation of hormone production leads to the
development of light-induced functional pinealectomy (LIFP)
(Delibas et al., 2002) and desynchronosis (Reiter et al., 2017;
Arendt, 2019). Under these conditions, a significant load falls
on the homeostatic systems providing the body resistance
(lymphatic, immune and endocrine systems), which are in an
integral relationship with the liver, which is the main organ
of homeostasis. The study of the structural and functional
features of liver cells showed that exactly the cooperative
interactions of highly specialized parenchymal liver cells
(hepatocytes) and sinusoidal cells (a heterogeneous population
of cells consisting of endotheliocytes, Kupffer cells, Ito cells
and Pit cells), and their work in a strictly defined rhythm, help
the organ to perform numerous functions.

Apoptosis is a fundamental biological mechanism, which
causes a clean, non-inflammatory form of cell death and helps
the body get rid of unnecessary and defective cells. The ratio
of antiapoptotic (Bcl-2, Bel-XL) and proapoptotic proteins
(Bad, Bax, etc.) is considered to be a “molecular switch”,
which determines whether tissue growth or atrophy will oc-
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cur (Willis et al., 2003; Pol¢ic, Mentel, 2020). The features
of Bcl-2 family protein expression in liver cells under light-
induced functional pinealectomy remain largely unexplored.
Based on the above, the aim of the study was to evaluate the
expression of antiapoptotic Bcl-2 protein and proapoptotic Bad
protein in the liver cells of C57B1/6 mice under light-induced
functional pinealectomy and after melatonin treatment.

Materials and methods

The experiments were carried out in the SPF Vivarium of the
Institute of Cytology and Genetics, SB RAS (RFMEFI61914
X0005 and RFMEF162114X0010). C57B1/6 mice (male, aged
10-12 weeks) were kept in controlled barrier rooms with free
access to water and food (Ssniff, Germany).

Two series of experiments were carried out. In the first
event, mice were kept under 24-hour lighting (24hL) for
14 days (light/dark photoperiod 24:0 h) to create light-induced
functional pinealectomy (the “24hL” group, n = 6). The com-
parison group consisted of intact animals (the “Control” group,
n = 5) kept under standard lighting conditions (14:10 h).
At the same time a smooth increase in illumination to day-
time values within 1 hour (dawn) and a smooth decrease in
illumination values until complete shutdown within 1 hour
(sunset) were assigned to the light phase of the day. In the
second series of experiments mice were kept under 24hL for
14 days and received daily intragastrically either melatonin
at a dose of 1 mg/kg of body weight in 200 ul of distilled
water (the “24hL+MT” group, n = 5) or 200 ul of water
(the “24hL+Placebo” group, n = 6). The comparison group
consisted of animals (the “Placebo” group, n = 6) kept under
standard lighting conditions (14:10 h) and received daily
intragastrically 200 pl of distilled water.

Animals were removed from the experiment by the cranio-
cervical dislocation method and liver samples were taken for
light-optical and immunohistochemical studies. All experi-
ments were performed in accordance with humanity principles
and were carried out in compliance with “Rules for working
with experimental animals” (The Annex to the Order of the
Ministry of Health of the USSR No. 755 of 12.08.1977) and
Council Directive 86/609/EEC. Experiments were approved
by the local ethical committee (The Protocol No. 128 of
15.03.2017).
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Liver samples were fixed in 10 % buffered formalin (Bio-
Vitrum, Russia) for 48 hours, dehydrated in a series of alco-
hols of increasing concentrations and embedded in Histomix
(BioVitrum, Russia). Tissue sections with a thickness of 3 um
were prepared on a microtome HM 340E (Thermo Fisher Sci-
entific, USA). Immunohistochemical study of the expression
of the antiapoptotic Bcl-2 protein and the proapoptotic Bad
protein was performed on liver paraffin sections by means
of indirect avidin-biotin peroxidase method (ABC-method)
using the Vectastain Universal ABC-Peroxidase Kit (Vector
Laboratories, Catalog Number PK-7200). At the last stage, im-
munohistochemical staining was carried out in a chromogenic
substrate containing diaminobenzidine (the solution is pre-
pared ex tempore from the components of the set “ImmPACT
DAB?”; Vector Laboratories, Catalog Number SK-4105).

For quantification of Bcl-2 and Bad expression in the mouse
liver, a computer morphometric analysis of digital photo-
graphs obtained using a LEICA DM 2500 microscope with
a LEICA DFC425C video camera (Germany, Switzerland) at
%400 magnification was performed. The relative area and the
brightness of intermediate zones of the hepatic lobules staining
for Bcl-2 and Bad were determined in digital images using
the program ImagelJ. The significance of differences between
the compared values was determined using the nonparametric
Mann—Whitney test. Differences of compared values were
considered statistically significant at p < 0.05.

Control

Bad

The expression of Bcl-2 and Bad in the liver after functional
pinealectomy and correction with melatonin

Results

The expression of Bcl-2 and Bad proteins in liver cells

of mice under light-induced functional pinealectomy

A study of Bcl-2 family protein expression in the liver of mice
kept under 24-hour lighting (light/dark photoperiod 24:0 h)
revealed the pronounced immunohistochemical staining of the
proapoptotic Bad protein in sinusoidal cells of blood sinusoid
capillaries (Fig. 1). The Bad-positive signal was detected in the
endothelium of interlobular veins and in the ductal epithelium
of triad bile ducts, and it was also sometimes found in single
hepatocytes. At the same time, weak immunohistochemical
staining of the antiapoptotic Bcl-2 protein was revealed in
sinusoidal liver cells and in single hepatocytes of “24hL”
mice liver (see Fig. 1). Staining of Bcl-2 wasn’t determined
in the ductal epithelium of triad bile ducts.

Morphometric analysis of liver preparations of the “24hL”
animals confirmed the results of the light-optical study.
An increase in the Bad expression area was found to be
4.1 times greater than in animals under natural light condi-
tions (Fig. 2, a). At the same time, the brightness (a parame-
ter inverse to the concentration) of the areas stained of that
protein did not change significantly (see Fig. 2, b). Changes
in the relative area and the brightness of zones stained for
the antiapoptotic Bcl-2 protein were in the nature of a trend
and reflected a slight decrease in the expression area and

Fig. 1. The expression of the proapoptotic Bad protein and the antiapoptotic Bcl-2 protein in mouse liver cells in a light-induced

functional pinealectomy model (the “24hL").

Immunohistochemical staining by the indirect ABC method. There is a pronounced Bad coloration and a less pronounced Bcl-2 coloration
in sinusoidal cells (thin arrows) of blood sinusoidal capillaries in 24hL mouse liver. Thick arrows indicate separately found stained hepato-

cytes. Magnification x400.
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Fig. 2. Relative areas of Bad (a) and Bcl-2 (c) protein expressions and the brightnesses of zones stained with these proteins (b - Bad, d - Bcl-2) in the

liver of “Control”and “24hL" mice.

Notations on the box diagrams: lines — median, boxes - 25-75 %, e arithmetic mean, * differences are statistically significant between the “Control” and

“24hL" groups; the Mann-Whitney U-test (p < 0.05).

concentration of this protein (see Fig. 2, ¢, d) in the liver of
mice kept under 24-hour lighting.

Thus, it can be concluded that the antiapoptotic protection
was weakened and the conditions for apoptosis mitochondrial
pathway activation in liver cells of animals with light-induced
functional pinealectomy were created.

Melatonin effect on the expression

of Bad and Bcl-2 proteins in mouse liver cells

under light-induced functional pinealectomy

MT treatment of the 24hL mice led to the pronounced Bcl-2
protein expression in a heterogeneous population of sinusoidal
cells in intra-lobular blood liver capillaries and in single he-
patocytes compared to the group without hormone treatment
(the “24hL+Placebo” group) (Fig. 3). The immunohistochemi-
cal reaction to the Bad protein revealed in all three groups
(“Placebo”, “24hL+Placebo”, “24hL+MT”) the staining of
sinusoidal capillary lining in intermediate zones and portal
tracts, portal vein endothelium and bile duct epithelium in
portal tracts (Fig. 4). Bad-staining was more significant in the
“24hL+Placebo” group compared to “Placebo”. Bad expres-
sion after MT administration wasn’t as pronounced as Bcl-2
expression (see Fig. 3) in the same animals.

Morphometric analysis found a 3.3-fold increase in Bcl-2
expression area in 24hL-animals treated with MT compared
with the group without treatment “24hL +Placebo” (Fig. 5, a).
At the same time, the studied parameter reached the initial
level of the “Placebo” group. The use of MT also led to a sig-
nificant decrease in brightness (see Fig. 5, b) of stained areas
compared with the comparison groups (by 2.7 % — compared
with the “24hL+Placebo”, by 2.1 % — compared with the “Pla-
cebo”), which reflects an increase in the Bel-2 concentration
in the “24hL+MT” animals. MT intragastric administration
contributed to a tendency for an increase in the Bad relative
area and a tendency for a decrease in the stained zone bright-
ness compared to animals without hormone treatment. As a
result, the use of MT led to a significant increase in the area
and concentration of the studied protein compared to the
“Placebo” group (see Fig. 5, ¢, d).
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Thus, MT administration to mice under two-week 24-hour
lighting led to a significant increase in the expression area and
concentration of the Bcl-2 protein in liver cells against the
background of unchanged expression area and concentration
of the Bad protein compared to the “24hL+Placebo” group.
The obtained results indicate that intragastric administration
of MT physiological doses to C57B1/6 mice cancels the effect
of light-induced functional pinealectomy, restoring the expres-
sion area of the antiapoptotic Bcl-2 protein and increasing its
concentration in liver cells, which indicates increased anti-
apoptotic protection of organ cells and creates conditions for
blocking the apoptosis “mitochondrial branch” development.

Discussion

Violation of melatonin production is a starting point, leading
at the initial stages to the appearance of desynchronosis fol-
lowed by the development of organic pathology. Our previous
studies showed that 24-hour lighting for two weeks has a
modulating effect on all elements of the lymphatic region of
the liver. There is a migration of lymphocytes, macrophages
into the expanded interstitial non-vascular pathways and lym-
phatic vessels, and a formation of lymphoid nodules, which
are considered temporary accumulations of lymphoid tissue
that form in response to injury. The unbalancing of the roots
of'the lymphatic system leads to the disconnection of contacts
between the endothelial cells of the liver sinusoids, as well
as to a violation of contacts between the parenchymal cells
of the organ. The overflow of Disse spaces with fragments
of necrotically altered cells, collagen fibers, lymphoid cells,
erythrocytes contributes to the lymph stagnation, and as a
result leads to the development of tissue hypoxia, which is
an inducer of cell death. This adversely affects the structure
and functions of mitochondria, the protein-synthesizing ap-
paratus of cells, causes stress in the endoplasmic reticulum
(Ishchenko, Michurina, 2014; Michurina et al., 2018). Under
these conditions, a significant burden falls on the intracellular
detoxification systems, in particular on the cytochrome P450
system (Woolbright, Jaeschke, 2015). The enzymes of this
family can produce reactive oxygen species (ROS), leading to
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Fig. 3. The MT treatment influence on the Bcl-2 expression in liver cells of mice with the LIFP model.

Immunohistochemical staining by the indirect ABC method. There is weak Bcl-2-signal in the sinusoidal cells of the liver blood capillaries in
“24hL+Placebo” mice compared with “Placebo” animals. MT treatment leads to a pronounced staining of the lining of the blood sinusoidal
capillaries, endothelial cells of the portal tract veins, and individual hepatocytes. Thin arrows - the sinusoidal cells, thick arrows - single

stained hepatocytes. Magnification x400.

the activation of apoptosis. Excessive and uncontrolled ROS
production in mitochondria leads to damage to mitochondrial
membranes, proteins, and mitochondrial DNA (mtDNA) and
triggers the mitochondrial apoptosis pathway (Li et al., 2020).

In our study, the greatest changes were found in sinusoidal
cells of hepatic lobule blood capillaries. This is consistent with
the data of Motoyama S. et al. (2000, 2003), who showed
the predominant apoptosis development in liver sinusoidal
endothelial cells compared to hepatocytes in male Sprague-
Dawley rats with a hypoxia model. Currently, it has been
proven that these cells, dynamically regulating the expression
ofangiopoietin-2, govern their own regeneration, and not only
control the proliferation of hepatocytes, but also support the
restoration of connective tissue, regulate the maturation and
resting state of blood vessels (Hu et al., 2014). Since apoptosis
is triggered by the inactivation of Bcl-2 when binding to the
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Bad protein, the fourfold increase revealed by us in the expres-
sion area of the proapoptotic protein Bad against the back-
ground of the unchanged expression area of the antiapoptotic
protein Bel-2 in mice with LIFP model indicates a decrease in
antiapoptotic protection and the apoptosis development along
the mitochondrial pathway in liver cells.

It’s found that when melatonin synthesis is disrupted by
night lighting, there is a decrease in the activity of its MT1
and M T2 membrane receptors, through which the hormone has
its effect on cells (Gupta, Haldar, 2014; Jockers et al., 2016).
Due to the non-receptor mechanism using the oligopeptide
transporter-1/2 (PEPT-1/2) and organic anion transporter-3
(OAT-3) (Huo etal., 2017) MT penetrates cells and binds free
oxygen radicals, protecting macromolecules (proteins, fats,
nuclear and mitochondrial DNA) from oxidative damage in
all subcellular structures. Currently, numerous data indicate
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Skcnpeccus Bel-2 v Bad B neueHn nocne ¢pyHKLUMOHANbHOM
NHEan3KToOMUM U KOPPEKLIMN MENATOHNHOM

Portal tract areas

Fig. 4. The expression of the proapoptotic Bad protein in liver cells of mice with the LIFP model - in the sinusoidal cells of the liver
blood capillaries, the vein endothelium and the ductal epithelium of the bile ducts of the liver portal tracts.

Immunohistochemical staining by the indirect ABC method. Bad-staining was more significant in the “24hL+Placebo” group compared
to “Placebo”. The Bad expression after MT administration wasn't as pronounced as Bcl-2 expression (see Fig. 3) in the same animals. Thin
arrows — the sinusoidal cells, thick arrows - single stained hepatocytes. Magnification x400.

that mitochondria is the main target of MT action: enzymes
N-acetyltransferase and hydroxyindole-O-methyltransferase
are present in mitochondria and these important subcellular
organelles are the place of synthesis of melatonin itself (Har-
deland, 2017; Reiter et al., 2018).

There are numerous ways in which MT destroys ROS: start-
ing an antioxidant cascade with the formation of melatonin
metabolites detoxifying free radicals; chelating metal ions
involved in the Haber—Weiss and Fenton reactions to prevent
the formation of a destructive *OH; stimulating antioxidant
and inhibition of pro-oxidant enzymes; increasing the effi-
ciency of electron transfer between mitochondrial respiratory
complexes and reducing electron leakage and free radical
formation. Studies have shown that MT reduces the rate of
apoptosis, prevents the opening of mitochondrial pores and
the release of cytochrome ¢, and preserves mitochondrial
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functions. In addition, mitochondrial biogenesis and dyna-
mics are also regulated by MT (Hardeland, 2017; Reiter et al.,
2018; Jouetal., 2019). The effectiveness of MT as a means of
protection against oxidative stress and structural changes in
the liver and pancreas tissue was revealed in rats with surgi-
cal pinealectomy (Sahna et al., 2004; Col et al., 2010). There
is strong evidence that MT has the ability to prevent oxida-
tive damage to liver cell mitochondria in rats with diabetes
and obesity (Agil et al., 2015). The question of the effect of
this unique hormone on apoptosis is extremely interesting.
MT treatment of rats kept under 24-hour lighting during two
weeks leads to an increase in the antiapoptotic Bcl-2 protein
in the liver (Borodin et al., 2012).

Our use of the melatonin-containing complex in the treat-
ment of animals with a model of obesity and type 2 diabetes
mellitus showed its pronounced hepatotropic, lymphotropic
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pinealectomy and correction with melatonin
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Fig. 5. Relative areas of Bcl-2 (a) and Bad (c) protein expressions and the brightnesses of zones stained for these proteins (b - Bcl-2, d - Bad) in the liver

of the “Placebo”, “24hL+Placebo” and “24hL+MT" mice.

Notations on the box diagrams: lines — median, boxes — 25-75 %, e arithmetic mean, * differences are statistically significant between the “24hL+Placebo”
and “Placebo” groups, # differences are statistically significant between the “24hL+MT” and “24hL+Placebo” groups, A the differences are statistically significant
between the “24hL+MT" and “Placebo” groups; the Mann-Whitney U-test (p < 0.05).

action and cytoprotective effect, which consists in stimulating
the expression of the antiapoptotic Bel-2 protein in liver cells
against the background of a decrease in the proapoptotic Bad
protein activity (Michurina et al., 2017, 2020). In the present
study the revealed predominance of the antiapoptotic Bcl-2
protein over the proapoptotic Bad protein, induced by the use
of MT, indicates an increase in the antiapoptotic protection
of liver cells, which blocks the development of the apoptosis
“mitochondrial branch”. This is facilitated by the previous-
ly established ability of MT to increase the expression of
the lymphatic vascular endothelial LY VE-1 marker in the
liver sinusoid endothelial cells of db/db mice, which creates
conditions for improving lymph drainage and prevents the
development of tissue hypoxia and apoptosis of organ cells
(Michurina et al., 2016). The protective properties of MT,
largely based on its antioxidant, antiapoptotic, and immu-
nomodulatory activity, place this hormone among the most
effective lympho- and angioprotectors (Jing et al., 2017; Chen
et al., 2020), which is especially important in the prevention
and treatment of new coronavirus infection (Darenskaya et al.,
2020; El-Missiry et al., 2020). Thus, melatonin cytoprotec-
tive effect revealed by us in the liver cells of C57B1/6 mice in
the model of light-induced functional pinealectomy may be
a consequence of reduced damage to mitochondria and other
intracellular structures.

Conclusion

Thus our results indicate a weakening of the antiapoptotic
protection of liver cells of LIFP animals that creates condi-
tions for activation of the “mitochondrial branch” of apoptosis.
Melatonin treatment of animals cancels the effect of LIFP,
restoring the Bcl-2 expression area and increasing this protein
concentration, which indicates an increase in antiapoptotic
protection and creates conditions for blocking the develop-
ment of the “mitochondrial branch” of apoptosis in liver cells.
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