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The expression of Bcl-2 family proteins in liver cells
of C57BI/6 mice under conditions of functional pinealectomy
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Abstract — The expression of antiapoptotic Bcl-2 protein
and the proapoptotic Bad protein in liver cells of C57BL/6 mice
males kept 14 days under 24-hour lighting (24hL) (photoperiod
light/dark 24/0 hours) was studied. Control animals kept under
standard lighting conditions (photoperiod light/dark 14/10
hours). The immunohistochemical analysis (indirect avidin—
biotin-streptavidin method) and morphometric assessment were
used. We found in the liver cells of mice under round-the-clock
lighting the increase in the area of Bcl-2 protein expression
without changing the area of Bad protein expression, that led to
a decrease in the ratio of Bcl-2/Bad. This result indicated
weakening of the antiapoptotic protection of organ cells and
creates conditions for activation of the “mitochondrial branch"
of apoptosis in animal liver cells with functional pinealectomy.
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Introduction

It was found that blood circulatory and lymphatic flow
disturbances develop in the liver lymphatic region under the
influence of continuous lighting, which is an integral factor of
modern life. These processes lead to the development of
hypoxia, which adversely affects the structure and functions
of the cell mitochondrial apparatus [1, 2]. Apoptosis helps the
body to get rid of unnecessary and defective cells. Most forms
of apoptosis are realized not through cell death receptors, but
by the mitochondrial pathway with the participation of Bcl-2
family proteins. It is believed that the ratio of the antiapoptotic
Bcel-2 protein and proapoptotic Bad, Bax proteins is a
"molecular switch", which determines whether tissue growth
or atrophy will occur [3]. The purpose of this study was to
evaluate the influence of 24-hour lighting (24hL) on the
expression of the proapoptotic Bad protein and the
antiapoptotic Bcl-2 protein in liver cells of C57Bl/6 mice
male, as well as to determine the ratio of Bcl-2 and Bad protein
expression areas.

Materials and Methods

The males of C57B1/6 mice aged of 10-12 weeks were kept
in the SPF-vivarium center of ICG SB RAS. Food and water
were provided to animals at /ibitum. The intact animals (the
group "Control", n=5) were kept under the standard lighting
mode - photoperiod light/dark: 14/10 hour (h), at the same
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time a smooth increase in illumination to daytime 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. The mice of the
experimental group (the gr. "24hL", n=6) were kept for 14
days under conditions of 24-hour lighting - photoperiod
light/dark: 24/0 h. Animals were removed from the
experiment by the cranio-cervical dislocation method and liver
samples were taken for light-optical and
immunohistochemical studies. Liver samples were fixed in
10% buffered formalin for 48 hours, dehydrated in a series of
alcohols of increasing concentrations and embedded in
Histomix.

The immunohistochemical study of the expression of Bcl-
2 and Bad proteins was performed on liver paraffin sections
with a thickness of 3 um by means of indirect avidin—biotin-
streptavidine method (ABC-method) using the Vectastain
Universal Elite ABC Kit ("Vector Laboratories", Catalog
Number PK-7200). At the last stage, immunohistochemical
staining was carried out in a chromogenic substrate containing
diaminobenzidine (the solution is prepared 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, there was
performed computer morphometric analysis of digital
photographs at %400 magnification. The average areas of
zones staining on Bcl-2 and Bad in digital images were
determined using the program "Image J". The ratio of the Bcl-
2 expression area to the Bad expression area was calculated.
A comparison of the results between the groups "24hL" and
"Control" was performed using the Mann-Whitney U-test for
abnormally distributed characters in independent samples.
Differences of compared values were considered statistically
significant at P<0.05.

Results and Discussion

A study of Bcl-2 family protein expression in the liver of
C57B1/6 mice males kept under 24-hour lighting revealed the
pronounced immunohistochemical Bad staining of sinusoidal
cells of blood capillaries. 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 hepatocytes located mainly in periportal and pericentral
zones of hepatic lobes. At the same time, weak
immunohistochemical staining for the antiapoptotic Bcl-2
protein was revealed in sinusoidal liver cells and in single
hepatocytes. Staining for Bcl-2 was not determined in the
ductal epithelium of triad bile ducts.

Morphometric analysis of liver preparations in the group
"24hL" showed an increase in the expression area of the
proapoptotic Bad protein compared to animals exposed to
standard light (light/dark: 14/10 h). At the same time, the
expression area of the Bcl-2 protein in this group did not
change significantly compared to control animals, but tended
to decrease. The Bcl-2/Bad expression area ratio decreased
significantly in the «24hL» mice compared with the «Control»
animals due to an increase in the Bad expression area.

It is known that in modern life, a violation of the light
regime, and in particular long-term round-the-clock lighting,
leads to a decrease in melatonin production resulted to the
development of desynchronosis followed by the development
of organic pathology [2,4]. Due to apoptosis, the body gets rid
of defective cells without starting the process of inflammation.
Moreover, most of its forms are realized not through cell death
receptors, but by the mitochondrial pathway with the
participation of Bcl-2 family proteins. Currently, numerous
data indicate that mitochondria are the site of melatonin
synthesis itself. These organelles contain the enzymes N-
acetyltransferase and hydroxyindole-O-methyltransferase.
Melatonin is a mitochondrial antioxidant, protecting these
organelles by binding reactive oxygen species [5]. It is known
that the mitochondrial dynamics exhibit an oscillatory
character which corresponds to the circadian secretory rhythm
in the cells [6]. Studies have shown that melatonin reduces the
rate of apoptosis, prevents the opening of mitochondrial pores,
has a stabilizing effect and supports the mitochondrial
membrane potential, prevents the release of cytochrome C,
prevents electron leakage and preserves mitochondrial
functions. In addition, mitochondrial biogenesis and dynamics
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are also regulated by melatonin [5]. Since apoptosis is
triggered by the inactivation of Bcl-2 when it binds to the Bad
protein, the increase in the staining area of the proapoptotic
protein Bad set by us indicates a decrease in antiapoptotic
protection and in the apoptosis development along the
mitochondrial pathway in liver cells. This is also confirmed by
a decrease in the ratio of Bcl-2/Bad expression areas in the
liver of mice kept under 24-hour lighting (24/0 h) compared to
control animals (14/10 h).
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