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Abstract. The aim of the research was to investigate the effects of constant lighting on oxidative
stress biomarkers malonic aldehyde (MA) and oxidatively modified proteins (OMP) in blood and
liver of rats exposed to alcohol intoxication. It was revealed that ethanol poisoning resulted in increase
in MA and OMP, and liver was the most affected (by 90% and 42% higher than control). The increase
in MA and OMP in the liver of rats exposed to combination of alcohol intoxication and constant light
was more significant (by 139% and 88% above control respectively) than in alcohol treated animals
kept under normal light conditions.

Key words: ethanol, caffeine, light exposure, melatonin, rats.

Introduction. In the 80's of last century WHO experts established an approximate ratio of
various factors in ensuring the health of modern people, identifying four main factors. It was shown
that more than 50% of human health depends on living conditions and lifestyle (the rest of the impact
is divided between heredity (20%), the environmental conditions (20%), and health care (10%). [7].
Thus, the diseases of modern people are primarily due to their lifestyle and daily behavior.

Modern society under the influence of new technologies and globalization ignores the
systemic biorhythmic organization formed during evolution [7]. Light accompanies a human almost
around the clock. Natural change of daylight by night darkness is almost inaccessible for the people
from the big cities. Night shift, flights with changing time zones, active night life of modern man
contribute to the violation of circadian rhythms, reducing the duration of sleep, especially its darkness
period [5]. Many studies [6] showed an increased risk of serious diseases caused by light disorders.

According to WHO, alcohol abuse contributes to three million deaths per year globally and

millions of people’s disabilities and organ damage. Reduction of lifespan due to alcoholism is more
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significant than that due to cardiovascular diseases. The combination of health, psychological and
social problems associated with alcoholism and alcohol abuse is a major public health problem [4].

Numerous laboratory and clinical studies have shown that the basis of ethanol toxic effects is
the activation of biomolecules free radical oxidation [1]. Ethanol detoxification occurs mainly in the
liver with the formation of acetaldehyde and associated with increased generation of free radicals,
free radical oxidation of unsaturated fatty acids, proteins, nucleic acids, depletion of antioxidant
reserves, which defines the concept of oxidative stress and leads to irreversible molecular changes in
cells [1].

The aim of research was to investigate the effects constant lighting on oxidative stress
biomarkers malonic aldehyde (MA) and oxidatively modified proteins (OMP) in blood and liver of
rats exposed to alcohol intoxication,

Materials and methods. The study was performed in compliance with the Rules of the work
using experimental animals (1977) and

JE), as well as “Bioethical expertise of preclinical and other scientific research performed on
animals” (Kyiv, 2006).

Experiments were performed on 30 male Wistar rats weighing 180-200 g which were
randomly grouped and kept in polycarbonate cages (3-4 rats per cage) in a room under controlled
environmental condition (temperature 21+1 °C and 12:12 h light/dark cycle, with lights on 8:00 a.m.).
Animals received food and water ad libitum.

Subacute alcohol intoxication was induced by intragastric administration 40 % ethanol at a
dose of 7 ml/kg of body weight for 7 days. The control group of animals received equivolume amount
of water. The light exposure was caused by a constant fluorescent light of 1500 lux intensity for
24 hours a day.

Rats were randomly assigned into groups: group 1 - control; group 2 - induced subacute
alcohol intoxication; group 3 - alcohol intoxication + constant light exposure.

Animals were decapitated under light ether anesthesia on the 7" day after beginning of the
experiment. Blood samples were collected in presence of anticoagulant EDTA (1 mg/ml of blood).
Erythrocytes were washed three times with five volumes of saline solution and centrifuged at
3000 rpm for 10 min and used for the determination of 2-thiobarbituric acid reactive substances.
Blood plasma was used to measure oxidative protein modification.

The liver samples were excised, minced, rinsed with cold 50 mm Tris-HCI buffer (pH=7.4) to
remove blood, and homogenized in a glass homogenizer with a motor-driven Teflon pestle on ice to

prepare 5 % homogenates. The homogenates were centrifuged for 10 min at 900g.
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Malonic aldehyde (MA) content was assayed in erythrocytes, liver homogenates based on
spectrophotometric measurement of trimethine colored complex formed in reaction with
thiobarbituric acid at high temperature and acidic pH [3]. The content of oxidatively modified proteins
(OMP) in blood plasma, liver and kidneys homogenates was assayed by reaction of the resultant
carbonyl derivatives of amino acids with 2.4-dinitrophenyl hydrazine which results in formation of
hydrazones having specific absorption spectrum [3]. The value of OMP is quantified by the number
of aldehyde and ketone groups formed. Aldehydes derivates were determined at 370 nm.

The results were statistically processed using the STATISTICA 10 software (StatSoft Inc.).
A Shapiro-Wilk test was performed to verify normality of data distribution and then Mann-Whitney
test was used to considered sufficient for valid conclusions to be made. Data are illustrated as
mean+SEM (n=6 animals per group). P<0.05 was considered as statistically significant differences.

Results. Reactive oxygen species cause oxidation of membrane phospholipids to form fatty
acid radicals, hydroperoxides, and secondary molecular products of lipid peroxidation, such as
malonic aldehyde. The content of malonic aldehyde can be indirect evidence of intensity free radical
oxidation in tissues.

In this study, we demonstrated that subacute ethanol stress caused an increase in maloaldehyde
content in rats’ blood by 38 % (table 1). The value of MA in the liver was by 90 % higher vs. control
group, indicating a much greater oxidative stress in hepatocytes, which are directly involved in

ethanol biotransformation.

Table 1
The content of MA and OMP in rats in terms of alcohol intoxication
and its combination with constant light exposure (M+m)
Malonic aldehyde Oxidatively modified proteins (370
nm)
Groups/ RBCs, Liver, pMol/g Blood plasma, Liver, mMol/g
Indices nMol/ml tissue mMol/g protein protein
Control 11.6+1.2 28.0£2.5 0.76+0.06 2.16+0.11
Ethanol 16.0£1.6* 53.3+4.9* 1.07+0.08* 3.07+0.23*
+

ﬁ;ﬁml 18.142.2% 66.9+5.5%" 1.3120.22%* 4,070 48"

Note: * — statistically significant difference compared to the control group (p<0,05);

Along with the increase in lipid peroxidation, there was an intensification of free radical

oxidative modification of proteins evidenced by increase in the content of OMP aldehyde derivates
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in rats’ blood plasma and liver in terms of alcohol intoxication by 40 % and 42 % vs control group,
respectively.

We revealed that ethanol stress along with constant light caused a significant increase in lipid
peroxidation and OMP, as evidenced by an increase in malonic aldehyde in blood, liver of rats (by
56 %, 139 % above the control) and increase in oxidatively modified proteins in blood plasma and
liver of animals (by 72 % and 88 % above control, respectively). These values were significantly
higher than in alcohol-treated rats under normal light conditions. The more significant free radical
damage of biomolecules under the combination of alcohol intoxication with exposure to constant
light is probably due to a inhibition of melatonin synthesis by constant light.

Melatonin is a pineal hormone that regulates biological rhythms. The hormone production is
regulated by light period, time of year, ambient temperature and the Earth's electromagnetic field [5].
Its serum concentration at night is 30 times higher than during the day, and the peak of activity occurs
at 2 o'clock at night. The maximum synthesis of melatonin is observed in young people, with age it
gradually decreases until cessation in old age [2]. Melatonin is one of the most powerful endogenous
antioxidants present in all cellular structures, including the nucleus. The antioxidant activity of
melatonin has been proven for many free radical pathologies [2, 5]. Numerous studies have shown
that melatonin is capable of scavenging free radicals and protecting tissues from damage by various
toxic agents and processes such as herbicides, carcinogens, bacterial lipopolysaccharides, ischemia,
and ionizing radiation.

Conclusion. Thus, ethanol intoxication and its combination with light exposure has led to a
significant increase in free radical oxidation of biomolecules, which confirms the development of
oxidative stress due to these factors. The combination of ethanol administration with constant lighting
potentiated the toxic effects of ethanol on the liver, resulting in a greater increase in malonic aldehyde

and oxidatively modified proteins in the liver compared to animals treated with ethanol alone.
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Energy needs worldwide are expected to increase for the foreseeable future, as they have been
for the past decades [1]. It would be possible for nuclear reactors to supply much of the energy
demand in a safe, sustainable manner if it was not for threat of potential releases of radioactivity. As
for 2017, there are 191 nuclear atomic stations in 31 countries, with 448 energy blocks. In Ukraine
four are in service - Khmelnitsky, Rivne, South Ukraine and Zaporizhzhia (temporarily occupied by
russian military) power plants. They are all operated due to the protocol and protected from potential
catastrophes. But in the light of possible threats of air and land attacks on nuclear stations from russian
federation it is mandatory to know about the risks nuclear energy possesses.

Nuclear power plants can cause a great threat to the environment they are built at, and the lack
of proper treatment may lead to a catastrophe, as it happened with Chornobyl atom station. Great
amounts of radiation were released, poisoning the environment, human and animal bodies, leading to
deaths, multiple DNA mutations and severe health issues. As soviet government covered it up, society
had no possibility to know or do their research on the topic. That is why it is important to have a vast
knowledge on radiation, nuclear energy and their impact on human body and health.

As cosmic rays are naturally present on Earth surface, there is a safe dose of radiation that
every human gets exposed to normally — approximately 600 mrem per year at sea level, which differs
depending on region. On the other hand, there are unnatural causes that may result on abnormally
large radiation emission that may deteriorate human health. Consequently, the impact radiation has
on human body heavily depend on the dose of radioactive emission and the duration of exposure.
Long exposure to smaller doses can potentially be more dangerous than quick exposure to high doses.
Increased length of interaction is more likely to lead to severe consequences, even though any dose

of radiation higher than normal may cause great harm. For instance, smaller doses of radiation do not
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