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Abstract. The article addresses the level of malondialdehyde in the blood plasma and liver tissues of rats during E. coli infection at the initial
stage of the disease, the stage of progressive symptomatology and at the stage of the total exhaustion. It was determined that the level of
MDA in the tissues of animals was increased gradually with the subsequent stage of the disease. It was established that the introduction of
rats with E. coli infection at any stage into a state of artificial hypobiosis had a pronounced positive effect, since the MDA level decreased
significantly, which was characterized by a tendency to return to the level of control values after withdrawing the animals from the state of

artificial hypobiosis.
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Introduction. The studies into the molecular bases of hypo-
biosis — a state of artificial sleep, the application of which is
both promising and relevant in all areas of medical practice
(anesthesiology, resuscitation, surgery), engage the whole
work groups of scientists. It has been found out that in the
state of hypobiosis no radiological symptoms occur, and
radiation resistance of the animal organism is increased
during the artificial infection with microorganisms [1, 2].
Thus, the use of artificial hypobiosis in the state of infectious
diseases may be considered to be a promising alternative to
antibiotics. As the early results show that the body is not
susceptible to infection in the state of hypobiosis, it is only
logical to question whether hypobiosis may be used instead
of complex antibiotic therapy and sanitary-epidemiological
measures in the treatment of infectious diseases. In particu-
lar, those with rapid development are often diagnosed and
pose danger to different age groups in comparison to other
infectious diseases. Given at least a slight likelihood in the
application of hypobiosis beneficial to human changes in the
course of infection, such as escherichiosis, it is crucial to
apply this knowledge for the infectious therapy of the future.
With that in mind, studying the level of malondialdehyde, as
a marker of oxidative processes in the body, will make it
possible to predict under what circumstances the regime of
hypobiosis will be the least traumatic and the most suitable
for therapeutic purposes.

Brief overview of publications on the topic. The ques-
tion of hypobiosis is far from new to medicine, the first ob-
servations of the state of artificial sleep date back to 1940s-
1950s [3, 4], but attempts to put this state into practice have
found their urgency in our time, since there has accumulated
a lot of information on biochemistry hypobiosis and princi-
ples of an organism existence in the states of hypercapnia,
hypoxia and hypothermia [2, 5, 6, 7]. Given the above, scien-
tists have come to focus on the practice of hypobiosis as
such, which will make it possible to replace or supplement
anesthesia, and enhance the surgical practice [6].

We have also suggested that hypobiosis can be used as an
agent to counteract the infection of bacterial origin — esche-
richiosis. Escherichiosis is a disease that is often diagnosed
both in in-patients and out-patients of medical institutions,
and its symptoms are well known: reduced appetite, diarrhea,
fever leading to exhaustion of the body, lethargy, paleness of
the skin, etc. The frequency and amplitude of the symptoms’
expression depend on the condition of the patient’s body,
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age, and the strain of Escherichia coli Migula that caused the
infection. The highest mortality is recorded among children
and the elderly [8]. As a result of studies into the effect of
hypobiosis on the time frames of survival of animals with
escherichiosis, the application of the method was found to be
highly successful in the early and late stages of the disease
[9]. However, the question of biochemical changes in the
body from the perspective of using hypobiosis as a therapeu-
tic agent in the treatment of escherichiosis has not been in-
vestigated. Although it is known that a situation that goes
beyond the environment typical for the body is stressful for
the living organism, and is inevitably accompanied by an
increase in tissues of the malondialdehyde level (MDA), the
level and duration of which can relatively determine the
degree of aggressive factor that triggered stress and the se-
verity of this stress in the body, the ability of the body to
withstand the phenomenon dangerous to it. MDA is a uni-
versal stress molecule in biology, and its excess formation is
a symbol of oxidative damage, without any connection to the
tissue specificity of the process. On the other hand, MDA
molecules are always present at the so-called "background”
level in the body, since MDA is an endogenous aldehyde, a
product of metabolic transformations of polyunsaturated
fatty acids [10]. The excessive MDA concentrations that are
higher than physiological ones are able to activate the com-
plement system, protein kinase C, to induce autoimmune and
inflammatory processes, DNA mutations, etc. [11]. There-
fore, studying the level of MDA in different states of the
body provides the basis for determining the stress-forming
properties of exogenous influences and determining the
response to body stress.

Since the states of hypobiosis for homoothermic animals
is triggered by factors such as hypoxia, hypercapnia and
hypothermia, which in themselves have a stressful effect for
the body, but at the same time lead to an essential decrease in
its reactivity, a significant slowdown of metabolic transfor-
mations, so as a consequence their complex action should be
accompanied by reduced stress, obviously even in the case of
a diseased body.

Purpose: To study the level of malondialdehyde in liver
tissues and blood plasma of rats with escherichiosis at differ-
ent stages of disease development by introducing them into
the state of artificial hypobiosis.

Materials and methods. The experiments were per-
formed on white outbred rats (weight 60+5 g, n=120), the
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keeping conditions were standard for vivarium. Experi-
mental animals are in compliance with the requirements of
the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purpos-
es, and the Law of Ukraine “On the Protection of Animals
against Cruelty” No. 3447 of 21.02.2006.

The state of artificial hypobiosis was modeled by the
Bakhmetev-Jaya-Anjus method (closed vessel model) [1, 3,
12], which provided for 3-hour cooling (3—5° C) of animals
in a hermetic chamber with a volume of 3 dmq. The healthy
animals and animals with escherichiosis at different stages of
the disease were administered into the state of artificial hy-
pobiosis. The simulation of the infectious-inflammatory
process (escherichiosis) in experimental animals was per-
formed using the enterotoxigenic strain of Escherichia coli
06: K - (ATCC 25922) [13]. Animals were infected orally
(per o0s) with a dose of 3x10% CFU / 50 g of the rat. Stage of
the disease was defined as: stage | of escherichiosis — the
stage of symptoms onset (occurred on the fourth day after
infection), stage Il — stage of progressive symptomatology of
the disease (developed on the fifth day after infection), stage
111 — stage of total exhaustion of the organism (the sixth day
after introducing the infection) [9].

Animals were divided into groups: controls or intact ani-
mals (euthanasia was performed under normometry condi-
tions, chloroform was used as anesthesia); healthy animals in
the state of hypobiosis (decapitation was performed 3 hours
after the introduction into the state of hypobiosis, without
removing from it, premedication in this and all subsequent
groups was also performed with chloroform); healthy ani-
mals one day after removing from hypobiosis (euthanasia
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was performed 24 hours after the removal from hypobiosis);
animals with escherichiosis at the stages I, 11, 1l of the dis-
ease (euthanasia performed at the corresponding stages of the
disease); animals with escherichiosis who were introduced at
the stages I, Il, 11l of the disease into a state of hypobiosis
(euthanasia was performed 3 hours after the introduction into
the state of hypobiosis, without removing it); animals with
escherichiosis at the stage I, Il, 11l whose state was evaluated
24 hours after the removal from hypobiosis (decapitated 24
hours after withdrawal from hypobiosis).

Liver tissue and blood plasma were selected for the re-
search. The MDA level was determined by A. Kohn and V.
Liversage method in the modification of Y. Vladimirov and
A. Archakov, which is based on the ability of MDA (as one
of the lipid peroxidation derivatives — LPO) in acidic medi-
um at high temperature (100°C) to interact with thiobarbitu-
ric acid with the formation of the trimethin complex of a
reddish-pink color, with the composition of MDA: TBA 1: 2,
the maximum absorption of which takes place at 532 nm
[14].

Statistical analysis was performed using Student’s t-test,

at that the mean arithmetic and standard error (M+m) were
calculated, the significance of differences was stated at
P<0.05.
Results and Discussion. As a result of the conducted
research it is established that in the infected animals the
processes of lipid peroxidation are activated, as evidenced by
a meaningful increase in the level of MDA in the blood and
tissues of the rat liver at the first stage of the disease — the
stage of the onset of escherichiosis symptoms (Fig. 1).
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Fig. 1. The level of MDA in liver tissues (a) and blood plasma (b) of rats that were introduced into the state of hypobiosis at the first stage of

escherychiosis — the stage of onset of disease symptoms

Note hereinafter: * - the difference is meaningful as compared to the MDA level of the control animals; ** - the difference is meaningful as

compared to the MDA level of the diseased animals, P>0.05.

Notably, the more difficult stage of the disease develop-
ment is accompanied by a more pronounced intensification
of the processes of LPO, as evidenced by a gradual increase
in the level of MDA in the blood (Fig. 2b), which at the stage
of total exhaustion of the body from the disease exceeds
twice the values of healthy animals (Fig. 3b).

It is known that E. coli strain ATCC 25922 is an entero-
toxigenic strain whose main method of damage to the body
is the production of enterotoxins and, as a consequence,
hypersecretion of water and electrolytes by enterocytes,
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which leads to dehydration of the body, disturbance of water-
salt balance [15]. Such changes are profoundly expressed in
the last stages of the disease and induce a change in physio-
logical and biochemical conditions in which the oxidative-
reductive reactions of the body, accompanied by oxidative
stress and, as a consequence, the activation of LPO. The end
product of metabolic fatty acid metabolism is reactive malo-
nic dialdehyde, which we have detected in the blood plasma
and liver tissues of the diseased animals.



The changes in MDA concentration at the initial stage of
the disease (stage 1) are much more pronounced in the blood
plasma than in the liver tissues of diseased animals (Fig. 1a,
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b), therefore, it is in the blood that the symptoms of oxidative
stress in the conditions of escherichiosis can be recorded
first.
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Fig. 2. The level of MDA in liver tissues (a) and blood plasma (b) of rats that were introduced into the state of hypobiosis at the second stage
of escherichiosis — a stage of progressive symptomatology of the disease

i= W Control
04 kd ki
-
)
= fk Kk kk
tén ’_F OHypobiosis
EX -
=4 OEsherichiosi
s
7 -
B Hypobiosis
3rd stage
1 B MHhpobiosis
EQOD
O Hypobiosis
0 - ~—  +Escherichi
2 osis EOD
4

=~ B Control
=)
s o *
=
6 O Hypobiosis
S [
OEscherichios
4 - is 3rd stage
3 - | W Hypobiosis
3rd stage
2 | B hpobiosis
EQOD
1 - [
O Hypobiosis
0 - “—  +Escherichi
5 osis EOD

Fig. 3. The level of MDA in liver tissues of (a) and blood plasma (b) of rats that were introduced into the state of hypobiosis at the third stage
of escherichiosis — the stage of total exhaustion of the body from the disease

The data obtained indicate a significant increase in the
level of catabolic processes during the development of the
disease, which is known to adversely affect the resistance
mechanisms to the disease and may eventually lead to the
death of the animal due to excessive damage to the oxidative
nature and low organism opposition towards the damage
elimination. Obviously, as a result of keeping the diseased
animals without giving them appropriate treatment, 30% of
animals are Killed. Therefore, it is important to have various
therapeutic measures that would adjust the biochemical
parameters of the body and help it eliminate the effects of
oxidative stress. It is possible to register the course of the
processes of such a schedule by examining in the tissues the
level of MDA as a reliable criterion for the presence/absence
of oxidative stress and the body's prospects for recovery.
That is why the use of hypobiosis as a therapeutic state in
infectious diseases seems to be a promising area of further
research.

However, putting the healthy animals into a state of hy-
pobiosis, while each of the state thereof (hypoxia, hypother-

mia, hypercapnia) is definitely a stress-provoking factor, is
accompanied by the lack of activating the MDA formation in
the blood and in liver tissues (Fig. 1, 2, 3). Furthermore, the
MDA level in liver tissues decreases almost twice as com-
pared to the control values (Fig. 1a, 2a, 3a). Thus, the ani-
mals remain viable and the stress level in their tissues is
reduced significantly. Alternatively, a sharp decrease in
stress, i.e. MDA levels, is in fact a prerequisite for the organ-
ism's survival and can be used as a criterion for predicting
viability. These data are consistent with those of other re-
searchers who did not show signs of oxidative stress in the
state of artificial hypobiosis in animals, and suggest that
there is a switch in the role of ROS from stress to a signaling
one and/or deactivation of ROS due to the effect of carbon
dioxide on them [7].

Therefore, the use of artificial hypobiosis in healthy ani-
mals is in fact the application of the "conservation" mode of
their vital functions and making it possible for the research-
ers to carry out surgical interventions without additional
anesthesia and with minimal risk of blood loss.
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However, in our experiment, we introduced hypobiosis in
the diseased animals. This undoubtedly imposes a mark on
the laws of biochemical transformations that will take place
when two factors go beyond the standard state of the organ-
ism.

We found that the levels of MDA that were registered af-
ter the application of artificial hypobiosis for the diseased
animals were different from those of the diseased animals
with which such treatment was not performed, and those of
animals in the state of hypobiosis. The values of the recorded
changes depended at what stage of disease development the
body bad been in before hypobiosis was applied to it. How-
ever, in all cases, there was a significant decrease in MDA
content as compared to the values of animals with esche-
richiosis at the corresponding stage (Figures 1, 2, 3).

Thus, for animals introduced into the state of hypobiosis
at the stage of the initial symptoms of the disease, there was
a decrease in MDA in liver tissues by 37%, and blood plas-
ma by 17% as compared to the parameters of the diseased
animals at the first stage. The results obtained at this stage of
the disease for liver tissue was 29% lower than that of the
control animals. At the second and third stages of escherichi-
osis, the application of hypobiosis allows to reduce the MDA
level in liver tissues as compared to the parameters of the
diseased animals, and the obtained values are not statistically
different from the control ones. For blood plasma, a decrease
in MDA levels was observed for the diseased animals when
they were put into the state of hypobiosis, although the ob-
tained values of the decrease in this level for the diseased
animals at the stage of the total exhaustion were the lowest,
i.e., with the severity of the disease the difference between
the level of MDAs in the diseased animals as well as the
animals in relation to which hypobiosis was applied, tended
to decrease.

Drawing on the data obtained, we can claim that the ap-
plication of the state of hypobiosis, though not eliminating
the problem of oxidative stress that occurs in the body of the
diseased animal, still significantly reduces the level of MDA
in these circumstances. Therefore, this fact can be regarded
as a favorable one in terms of the future survival and recov-
ery of the experimental subjects.

The data obtained are quite optimistic as a prognosis for
the therapeutic use of hypobiosis. In fact, the set of factors
that accompany the animals introduced into the experiment
are themselves provocative of stressful situations. Thus, only
the fact of the lack of adequate nutrition, which is character-
istic of the animals with escherichiosis due to the reduced
appetite and rejection of food at the later stages of the dis-
ease, induces LPO in homogenates of liver tissues of rats of
different ages [16].

What are the possible reasons for MDA content decrease
in application of the state of hypobiosis in the animals with
escherichiosis as compared to the diseased animals that were
not put into the state of hypobiosis? The very state of hypo-
biosis is accompanied by a decrease in the level of oxidation
processes and, accordingly, low levels of MDA. As it is
known, malonic dialdehyde is the result of transformations
of polyunsaturated fatty acids, its further metabolic history
can be expressed either in oxidation to carbon dioxide
(which in fact should enhance the effect of hypercapnia), or
this compound will have a destructive effect on the body
through its reactivity with biomembrane lipides, conglomer-
ating them and, consequently, disrupting transmembrane
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processes and conformational changes of membranes [16,
17]. Since the level of MDA in the process of hypobiosis
decreases, it is obvious that new molecules are not formed,
and a certain amount of the MDA molecules are trans-
formed. To determine what role these transformations have
for the body, you can remove it from the state of hypobiosis
and estimate the level of MDA. Therefore, the next step in
our research, which follows logically from the data obtained,
is to evaluate the level of MDA in the diseased animals after
their removal from the state of hypobiosis, and we conducted
these investigations on day 1 after the animals’ awakening.

It was established that the removal from the state of hy-
pobiosis of animals that had been put into it at the stage of
initial symptoms (stage 1) and at the stage of progressive
disease symptomatology (stage Il), both in liver tissues, and
in blood plasma is accompanied by the leveling of MDA to
the magnitude of the control parameters. In this case, the
excess (14%) of the level of MDA in the plasma of animals
of group Il on the first day after leaving the state of hypobio-
sis is considered to be triggered by residual effects of esche-
richiosis, because the organism, which was in the phase of
active development of the disease, actually recovers due to
the state of hypobiosis, however should eliminate the effects
of escherichiosis — enterotoxins circulating in the body, re-
store the water and electrolyte balance, the stable status of
the oxidant-prooxidant system, etc.

However, for animals at the third stage of escherechiosis,
the removal from hypobiosis is accompanied by an increase
in MDA as compared to the animals at the third stage of
hypopiosis, which were not awakened from artificial sleep.
Obviously, the restoration of normal blood flow, which
occurs when removing from hypobiosis and the re-saturation
of tissues with oxygen, creates the conditions for various
kinds of biochemical transformations coupled with dioxy-
gen, which, in turn, is accompanied by the activation of
MDA formation. In addition, it is likely that during this
period in the liver the utilization of endotoxins is activated,
and the excess products of the first phase of their transfor-
mation, accompanied by oxidative stress. Given the fact that
the percentage of the diseased animals that survive after their
introduction into the state of hypobiosis even at the stage of
the total body exhaustion (stage 111) exceeds the percentage
of animals that survive in the absence of any measures (90%
vs. 70%), in such case hypobiosis has a pronounced thera-
peutic effect.

At the molecular level, the application of hypobiosis in
diseased animals can reduce the level of stress at all stages of
the course of escherichiosis, both in liver tissues and in blood
plasma. Obviously, the question of the survival of animals
under these circumstances determine the individual charac-
teristics of the body, while the state of hypobiosis in itself is
a universal factor in reducing the stress molecule of MDA.

Conclusion. The results obtained indicate the prospect of
the application of the state of hypobiosis for the treatment of
escherichiosis at all stages of the disease. At the molecular
level, the application of hypobiosis in diseased animals re-
duces the level of malondialdehyde in liver tissues and in
blood plasma at all stages of the course of escherichiosis and
after awakening of the animals.

It was determined that the level of malondialdehyde in the
tissues of rats with escherichiosis gradually increases with
the next stage of the disease (the initial stage of the disease,
the stage of progressive symptoms and total exhaustion of



the body), and the application of hypobiosis for healthy
animals is accompanied by the pronounced reduction of this
molecule concentration in healthy animals.

Changes in the concentration of malondialdehyde at the
initial stage of the disease are much more pronounced in the
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blood plasma than in the liver tissues of the diseased animals.
Therefore, it is specifically in the blood that the symptoms of
oxidative stress in the state of escherichiosis can be recorded
first.
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